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mCROORGAMSMSAfO? PROCESSES FOR ENHA^ 
PRODUCTION OF P ANT^nTHy.NATR 

• ^ '■ [ 

Related Applications 

S This application is related to Inteniatioiial Patent Application No. 

PCT/US02/00925, entitled "Microorganisms and Processes for Enhanced Production of 
Pantothenate", filed January 18, 2002 (pending), and to International Patent AppUcation 
No. PCT/USOO/25993, entitled "Methods and Microorganisms for Production of Panto- 
Compounds", filed September 21, 2000 (expired). The entire content of the above- 
10 referenced appUcadons is incorporated herein by this reference. 

Background of the Invention . 

Pantothenate^ialso known as pantothenic acid or vitamin BS, is a member 
of the B complex of vitamins and is a nutritional requirement for mammals, including 

15 livestock and humans {e.g., firom food.sources, as a water soluble.vitamin supplement or. 
as a feed additive). In cells, pantotiienate is used primarily for the biosynthesis of 
coenzyme A (CoA) and acyl carrier protein (ACP). These coenzymes function in the 
metaboUsm of acyl moieties which form thioesters with the sulfhydiyl group of the 4'- 
phosphopantetheine portion of these molecules. These coenzymes are essential in all 

20 . cells, participating in over 100 different intermediary reactions in cellular metabolism. 

The conventional means of synthesizing pantothenate (in particular, the 
bioactive D isomer) is via chemical synthesis &om bulk chemicals, a process which is 
hampered by excessive substrate cost as well as the requirement for optical resolution of 
racemic intermediates. Accordingly, researchers have recently looked to bacterial or 

25 microbial systems that produce enzymes useful in pantothenate biosynthesis proce3ses 
(as bacteria are themselves capable of synthesizing pantothenate). In particular, 
bioconversion processes have been evaluated as a means of favoring production of the ^ 
preferred isomer of pantpthehic acid. Moreover, methods of direct microbial synthesis 
have recently been examined as a means of facilitating D-pantothehate production. 

30 There is still, however, significant need for improved pantothenate 



production processes. 



in particular, for microbial processes optimized to produce higher 



yields of desired product 



. 'Summary of the Invention : ■ 
35 . The present invention relates to improved processes (e.g. , micirobial 

: synfiheses) for the production of jpantoliienate. Pantothenate production processbs have 
been described in related applications which feature, for exainple^ microbes engmcCTed 
• to overexpress key enzg^esioif lite pant : 
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I isoleucine-valine biosynthetic pathway (see e,g,. Figure l). Strains have been 
\ enjgiheered that are capable of producing > 50 g/1 of pantothenate in standard 

fermentation pn>cesses (see e.g./Intenmtional Public. No. ^ 
. Application No. 60/262,995). In particular, increasing the expresision of ih&pimB^panC, 
5 panD and panEJ genes and increasing the e3q>ression of the ilvBNC and ilvD genes 

results in strains that convert glucose (pyruvate) to commercially attractive qiiantities of 
.; pantothenate. 

In order to enhance production levels of for example, pantothenate, 
various improvements on the above-described methods have now been developed. For 
10 example, U.S. Patent Application Serial No. 09/667,569 describes production strains 
. having modified (e,g, , deleted or decreased-activity) pantothenate kinase enzymes. In 
such strains, the pantothenate levels are efifectiy ely increased by decreasing utilization of 
pantotiienate for coenzymeA ("CoA'O synthesis. U.S. Patent Application Serial No. 
60/262,995 further describes improved pantothenate-production strains that have been 
15 engineered to minimise utilization of various pantothenate biosynthetic enzymes and/or 
isoleucine-*valine biosynthetic enzymes and/or their respective substrates from being . 
used to produce an alternative product identified as [R]-3-(2-hydroxy-3-methyl- 
butyrylamino)-propionic acid ("HMBPA"). 

The present invention features methods to fijither enhance pantothenate 
20 production by modulating a biosynthetic pathway that supplies a substrate for the 
pantothenate biosynthetic pathway, namely the methylenetetrahydrofolate ("MTP') 
biosynthetic pathway. In particular, it has been discovered that increasing levels of MTF 
: by modification of the MIT* biosynthetic pathway results in enhanced levels of the key 
. p^tothenate biosynthetic pathway intermediate, ketopantoate. Enhanced ketopantoate 
25 levels, in turn, result in significantly enhanced pantothenate production levels in 
appropriately engineered strains. In essence, the present inventors have identified a 
; limiting step in the productibn of panto-compounds (e.g, , pantothenate) by strains 
engineered to overexpress, for example, the panB, panCy panD, panEl^ ilvBNC and ilvD 
genes, and describe herein a means for overcoming this limitation by modification of the 
30 : MTF biosynthetic pathway. 

At least three effective means of modifying the MTF biosynthetic 
pathway are described herein. Iti one aspect, it has been ^demoiistrated that increasing 
s^ine levels in the culture medium of pantothenate-producing microorgams^^^ in 
enhanced panto-compound production. It has alsoJbeen denionistrated that increasing the 
35 synthesis or activity of 3-phosph6glycerate dehydrogenase (Ae serA jgene product), or 
the synthesis br activity of serine hydroxymethyl transferase (the .g/j;>i gene product), 
; the^by eiihancing serine and methyienetetrahydrofo^ biosynthesis in appropriately 
• engineered microorgaiiisms, increases panto-conipbund production. Increased iisynthesis 
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of 3-phosplioglycerate dehydrogenase (the serA gene product) is achieved, for example, 
by overeiq^Tessiag serA fioni an appropriately-engineered expression cassette. Increased 
syntiiesis of serine hydroxyitiethyl transferase (ihi^ ^gfyA gene product) is achieved, for 
example, by overexpressing ;^/>!i4 from an appropriately-engineered expression^cassette. 
Alternatively, levels of serine hydroxymefhyl transferase (the gtyA gene product) are 
increased by altering the regulation of the gfyA gene. For example, mutation or deletion 
of the gene encoding a negative regulator (i. e. , repressor) of gtyA 'expression, the purR 
gene, effectively increases gtyA expression. Additional methods suitable for increasing 
MTF levels in panto-compound producing microoganisms involve deregxilating em^ymes 
responsible for converting glycine to MTF (e.g. , glycine cleavage enzymes). 

Accordingly, in one aspect the invention features processes for the 
enhanced production of pantoate and pantothenate that involve culturing microorganisms 
having modified pantothenate biosynthetic enzyme activities and havinjg modified 
metibylenetetrahydrofolate (MTF) biosynthetic enzyme activities under conditions such 
that pantotiienate production is enhanced. In another aspect the invention features 
processes for the enhanced production of pantoate and pantothenate that involve 
culturing microorganisnas having modified pantothenate biosynthetic enzyme activities, . 
having modified isoleucine-valine (i7v) biosynthetic enzymes, and having modified 
melhylenetetrahydrofolate (MTF) biosynthetic enzyme activities imder conditions such 
that pantothenate production is enhanced. In particular, the invention features methods 
for (enhancing production of desired products (e.g;, pantoate and/or pantothenate) by 
increasing the levels of a key intermediate, ketopantoate, by enzymes that contribute to 
its synthesis. Preferred methods result in production of pantothenate at levels greater 
than 50, 60, 70 or more g/L after 36 hours of culturing the microorganisms, or such that 
at least 60, 7Q, 80, 90, 100, 1 10, 120 or more g/L pantothenate is produced after 36 horns 
of culturing the microorgaiiisms. Recombinant naia:oorganisms and conditions for 
culturing saime are also are featured. Also featured are compositions produced by such 
microorganisms. 



Other features and advantages of the invention will be apparent 
following detailed description and claims. 



firom the 



Brief Description of the Drawings 

Figure 1 is a schematic representation of the pantothenate and isoleucine* ; 
35 valine (//v) biosynthetic pathways. Panto&enate biosynthetic enzymes are dqpicted in 
bold and their cotreisponding genes indicated in italics. Isoleudine-yaline (ilv) 
biosynthetic ehz^es are depicted in bold italics and their corresponding geiies indicated 
in italics. 
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Figure 2 is a schematic representation of the methylenetetrahydrofolate 
C*MTF") biosynthetic pathway in E. coli (and presumably in B. subtilis). 

Figure 3 is a schematic representation of the construction of the plasmid 

pAN665. 

5 Figure 4 is a schematic representation of the construction of the plasmid 

pAN670. 

Figure 5 is a schematic representation of the plasmid pAN004. 
Figure 5 is a schematic representation of the plasmid pAN396. 
Figure 7 is a schematic representation of the plasmid pAN393. 
1 0 Figure 5 is a schematic representation of the structure of pAN835F, a 

clone of the B. subtilis purR gene. 

Figure 9 is a schematic representation of the structure of pAN838F, a 
plasmid designed to install a disraption of the B, subtilis purR gene. 

Figure 10 is a. schenoiatic representation of the stracture of pAN821, a 
1 5 plasmid designed to delete a portion of the ser A gene, selecting for kanamycin 
resistance. 

Figure 11 is a schematic representation of the structure of pAN824, a 
plasmid designed to integrate a non-amplifiable P26 ser A cassette at the ser A locus, 
selecting for 5fer"*". 

20 Figure 12 is a schematic representation of the stracture of pAN395, a 

medium copy plasmid designed to integrate and amplify a P26 ser A e>qpression cassette 
at the serA locus. 

Detailed Description of the Invention 

25 The present invention is directed to improved methods for producing 

panto-compounds (e.g:, ketopantoate, pantoate and/or pantothenate) and strains 
engineered for use in said improved methods. Strains capable of producing > 50 g/1 of 
pantothenate can be constructed as taught in Intemational Patent Application Serial No. 
WO 01/21772 and in U.S. Patent Application Serial No. 60/262,995. By iacreasing the 

30 expression of the panB^ panC, panD and panEl genes and by increasing the expression 
of the ilvBNC and ilvD genes, one can design strains (e.g.. Bacillus strains) that convert 
glucose (pyravate) to commercially attractive quantities of pantothenate. 

However, it has now been discovered that in strains engineered to express 
high levels of the panB gene product, ketopantoate hydroxymethyltransferase (e,g, 

35 PA824, described in U.S. Patent Application Serial No. 09/667,569 and PA668-24, 
described in U.S. Patent Application Serial No. 60/262,995), a limiting step for further 
increases m the production of pantothenate is still the conversion of a-ketpisovalerate 
(a-KTV) to ketopantoate. Methods to increase the synthesis of a-KIV were described 
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previously in International Patent Application Serial No. WO 01/21772 and U.S. Patent 
Application Serial No. 60/262,995. Here we disclose that even further increases in 
pantp&enate production can be achieved by engineering panto-compound producing 
microorganisms such that the level of MTF, or the rate of MTF synthesis is enhanced or 
5 increased. 

Accordingly, the present invention features methods for improving panto- 
compoimd production that involve modulating the methylenetetrahydrofolate C'MTF") 
biosynthetic pathway. In particular, increasing MTF levels in panto-compound 
producing microbes is an effective means of enhancing ketopantoate production, and in 

10 tum results in enhanced pantoate and/or pantothenate production in appropriately- 
engineered recombinant microorganisms. 

Ketopantoate hydroxymethylenetransferase catalyzes tiie production of 
ketopantoate from a-ketoisovalemte C*a-KIV") and MTF (see e.g^.. Figure 1). In 
particular, the enzyme catalyzes the transfer of a hydroxymeffayl group from MTF to a- 

15 KTV to yield ketopantoate. Both a-KTV and MTF are substrates for this reaction, and 
their syntheses can be increased in order to improve production of ketopantoate. The 
pathway for MTF biosynthesis in E. colt (and also in Bacillus subttlis) is outlined in 
Figure 2. MTF is synthesized from tetrahydrofolate and serine in ai reaction catalyzed by 
the glyA gene that encodes serine hydroxymethyl transferase. For improved MTF 

20 synthesis the cells need increased quantities of both substrates and the product of the 
g/y^gene. 

In one embodiment, the invention features processes for the enhanced 
^production of pantothenate that involve culturing a microorganism having (i) a 
deregulated pantothenate biosynthetic pathway (e,g. , having one, two, three or four 

25 Hpantotiienate biosynthetic enzymes deregulated) and (ii) a deregulated 

methylenetethrhydrofolate (MTF) biosynthetic pathway (e.^, having at least one or two 
MTF biosynthetic enzymes deregulated), under conditions such that pantothenate 
;production is enhanced. Exemplary pantothenate biosynthetic enzymes include 
^ketopantoate hydrox3miethyltransferase, ketopantoate reductase, pantothenate synthetase 

30 and aspartate-a-decarboxylase. Exemplary MTF biosynthetic enzymes include the serA 
:gene product and the glyA gene product 

In another embodiment, the invention features processes for the enhanced 
production of pantothenate that involve culturing a microorganism having (i) a 
^deregulated pantothenate biosynthetic pathway (e.g. , having one, two, three or four 

35 pimtoihenate biosynthetic etizymes deregulated), (ii) a der^ 

biosynthetic pathway (e.g:, having one, two or three ilv biosynthetic enzymes 
deregulated), and (iii) a deregiilated MTP biosynthetic paithway (e.g:, having at least one 
or two MTF biosynthetic enzymes deregulated), under conditions such that pantothenate 
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production is enhanced. Exemplary ilv biosynthetic enzymes include acetohydroxyacid 
acid synthetase, acetohydroxyacid isomeroreductase, and dihydroxyacid dehydratase. 

In ano&er embodiment, the invention features processes for the 
production of pantothenate that involve cultuiing a microorganism having a deregulated 
5 pantothenate biosynthetic pathway, a deregulated ilv biosynthetic pathway, and a 
deregulated MTF biosynthetic pathway, such that at least 50 g/L pantothenate is 
produced after 36 hours of culturing the microorganism, preferably such that at least 60 
g/L pantothenate is produced after 36 hours of culturing the microorganism, more 
preferably such that at least 70 g/L pantothenate is produced after 36 hours of culturing 
10 the microorganism, and most preferably such that at least 80 g/L pantothenate, at least 
90 g/L pantothenate, at least 100 g/L pantothenate, at least 110 g/L pantothenate, or at 
least 120 g/L pantothenate (or more) is produced after 36 hours of culturing the 
microorganism. 

In another embodiment, the invention features processes for the 

. 1 5 production of pantothenate that involve culturing a microorganism having a deregidated 
pantothenate biosynthetic pathway, a deregulated ilv biosynthetic pathway, and a 
deregulated MTF biosynthetic pathway, deregulated such that at least 70 g/L 
pantothenate is produced after 48 hours of culturing the microorganism, preferably sudbt ^ 
that at least 80 g/L pantothenate is produced after 48 hours of culturing the 

20 microorganism, and more preferably such that at least 90 g/L pantothenate is produced 
after 48 hours of culturing the microorganism. 

In one exemplary embodiment, deregulation of the MTF biosynthetic 
pathway is achieved by deregulating the serA gene product in a panto-compound 
producing strain, for example, by caressing the serA gene constitutively or by 

25 introducing a feedback resistant allele of .^er^. In another exemplary embodiment, 

deregulation of the MTF biosynthetic pathway is achieved by deregulating the glyA gene 
product in a panto-compoxmd producing strain, for example, by overexpressing the glyA 
gene or modulating repression of the glyA gene by mutating or disrupting the purR gene 
product. In other exemplary embodiments, MTF biosynthesis is modulated by 

30 increasing serine in the culture medium or deregualting glycine cleavage enzymes. 

The invention further features methods as described above, wherein 
pantothenate production is further enhanced by regulating pantothenate kinase activity 
{e.g.y wherein pantothenate kinase activity is decreased). In one embodiment, CoaA is 
deleted and CoaX is downregulated. In another embodiment, CoaX is deleted and CoaA 

35 is downregulated. In yet another embodiment, CoaX and CoaA are downregulated. The 
inv^tion further features methods as described above, wherein the microorganisms are 
cultured imder conditions of excess serine. The invention further features methods as 
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described above, wherein the microorganisins have the pantothenate biosynthetic 
pathway deregulated such diat pantothenate production is independent of pralanine feed. 

Products synthesized according to the processes of the invention are also 
featured, as are compositions that include pantothenate produced according to said 
5 processes. Recombinant microorganisms for use in the processes ofthe invention are 
also featured. In one embodiment, the invention features a recombinant microorganism 
for the enhanced production of pantothenate having a deregulated pantothenate 
biosynthetic pathway and a deregulated MTF biosynthetic pathway. In another 
embodiment, the invention features a recombinant microorganism for the enhanced 

10 production of pantothenate having a deregulated pantothenate biosynthetic pathway, a 
deregulated MTF biosynthetic pathway and a deregulated ilv pathway. Microorganisms 
can further have reduced pantothenate kinase activity. Preferred microorganisms belong 
to the genus Bacillus, for example Bacillus subtilis. 

As described above, certain aspects of the invention feature processes for 

15 the enhanced production of panto-compounds (e.^. , pantoate and/or pantothenate) that 
involve culturing microorganisms having at least a deregulated pantothenate 
biosynthetic pathway. The term "pantothenate biosynthetic pathway" includes the 
biosynthetic pathway involving pantothenate biosynthetic en2ymes {e.g,, polypeptides 
encoded by biosynthetic enzyme-encoding genes), compoimds (e.g., substrates, 

20 intermediates or products), cofactors and the like utilized in the formation or synthesis of 
pantothenate. The term ^'pantothenate biosynthetic pathway" includes the biosynthetic 
pathway leading to the synthesis of pantothenate in microorganisms (e.g., in vfvo) as 
well as the biosyndietic pathway leading to the synthesis of pantothenate in vitro. 

As used herein, a microorganism ^having a deregulated pantothenate 

25 biosynthetic pathway" includes a microorganism having at least one pantothenate 
biosynthetic enzyme deregulated (eg., overexpressed) (both terms as defined herein) 
such that pantothenate production is enhanced (e.g. , as compared to pantothenate 
production in said microorganism prior to deregulation of said biosynthetic enzyme or as 
compared to a wild-type microorganism). The term "pantothenate" includes the firee 

30 acid form of pantothenate, also referred to as ^^pantothenic acid" as well as any salt 
thereof (e.g., derived by replacing the acidic hydrogen of pantothenate or pantothenic 
acid with a cation, for example, calcium, sodium, potassiimi, ammoniiun, magnesium), 
also referred to as a pantothenate salf. The term 'pantothenate" also includes alcohol 
derivatives of pantothenate. Preferred pantothenate salts are calcium pantothenate or 

35 sodium pantothenate. A preferred alcohol derivative is pantothenol. Pantothenate salts 
and/or alcohols of the present invention include salts and/or alcohols prepared via 
cdnvendonal methods &om the fiee acids described herein. In another embodiment, a 
pantothenate salt is synthesized directly by a microorganism of the present invention. A 
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pantothenate salt of the present invention can likewise be converted to a free acid form 
ofpantothenate or pantothenic acid by conventional methodology. The term 
'^panto&enate" is also abbreviated as '"pan'' herein. 

Preferably, a microorganism *liaving a deregulated pantothenate 
5 biosynthetic pathway" includes a microorganism havii^ at least one pantothenate 

biosynthetic enzyme deregulated (e.g,, overexpressed) such tiiat pantotibienate production 
is 1 g/L or greater. More prefembly, a microorganism '^having a deregulated 
pantothenate biosynthetic pathv^y" includes a miCTOorganism having at least one 
pantothenate biosynthetic en2yme deregulated (e.g., overexpressed) such that 

10 pantothenate production is 2 g/L or greater. Even more preferably, a microorganism 
'^having a deregulated pantothenate biosynthetic pathway" includes a microorganism 
having at least one pantothenate biosynthetic enzyme deregulated (e.g., overexpressed) 
such that pantothenate production is 10 g/L, 20 g/L,30 g/L,40 g/L, 50 g/L, 60 g/L, 70 
g/L, 80 g/L, 90 g/L, or greater. 

15 Tlie term **pantothenate biosynthetic enzyme*' includes any ejizy^ . 

utilized in the formation of a compound (e.g:, intermediate or product) of the 
pantothenate biosynthetic pathway. For example, synthesis of pantoate from a- 
ketoisovalerate (a-KIV) proceeds via the intermediate, ketopantoate. Formation of 
ketopantoate is catalj^zed by the pantothenate biosynthetic enzyme PanB or ketopantoate - 

20 hydroxymethyltransferase (the panB gene product). Formation of pantoate is catalyzed 
by the pantothenate biosynthetic enzyme PanEl or ketopantoate reductase (the panEl 
gene product). Synthesis of p-alanine from aspartate is catalyzed by the pantothenate 
biosynthetic enzyme PanD or aspartate-a-decarboxylase (the panD gene product). 
Formation of pantothenate from pantoate and p-alamne (e.g., condensation) is catalyzed 

25 by the pantothenate biosynthetic enzyme PanC or pantothenate ^^thetase (the panC 
gene product). Pantothenate biosynthetic enzymes may also perform an alternative 
.fimction as enzymes in the HMBPA biosynthetic pathway described herein. 

Accordingly, in one embodient, the invention features a process for the 
enhanced production of pantothenate that includes culturing a microorganism having at 

30 least one pantothenate biosynthetic enzyme deregulated {e.g. , deregulated such that 

pantothenate production is enhanced), said enzyme being selected, for example, from the 
group consisting of PanB (or ketopantoate hydroxymethyltransferase), PanC (or 
pantothenate synthetase), PanD (or aspartate-a-decarboxylase), PanEl (or ketopantoate 
reductase). In another embodiment, the invention features a process for the enhanced 

35 production of pantothenate that includes culturing a microorganism having at least two 
pantothenate biosynthetic enzymes deregulated, said exxEfm&s being selected, for 
example, from the group consisting of PanB (or ketopantoate ^ 
hydroxymethyltransferase), PanC (or pantothenate synthetase), PanD (or aspartate-a- 
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decarboxylase), and PanEl (or ketopantoate reductase). In another embodiment, the 
invention features a process for the enhacned production of pantothenate that includes 
culturing a microorganism having at least three pantotiiienate biosynthetic enzymes 
deregulated, said enzymes being selected, for example, from the group consisting of 
5 PanB (or ketopantoate hydroxymethyltransferase), PanC (or pantothenate synthetase), 
PanD (or aspartate-a-decarboxylase), and PanEl (or ketopantoate reductase). In another 
embodiment, the invention features a process for the enhanced production of 
pantothenate that includes culturing a microorganism having at least four pantothenate 
biosynthetic en2ymes deregulated, for example, a microorganism having PanB (or 
10 ketopantoate hydroxymethyltransferase), PanC (or pantothenate synthetase), PanD (or 
aspartate-a-decarboxylase), and PanEl (or ketopantoate reductase) deregulated. 

In another aspect, the invention features processes for the enhanced 
. production of pantothenate that involve culturing microorganisms having a d^gulated 
isoleucine-valine biosynthetic padiway. The term "isoleucine-valine biosynthetic 
1 5 pathway" includes the biosynthetic pathway involving isoleucine-valine biosynthetic 
enzymes (c.^., polypeptides encoded by biosynthetic enzyme-encoding gmes), 
compoxmds (e.g. , substrates, intermediates or products), cofectors and the like utilized in • 
the formation or synthesis of conversion of pynivate to valine or isoleucine. The term 
"isoleucine-valine biosynthetic pathway" includes the biosyntibetic pathway leading to 
20 the synthesis of valine or isoleucine in microorganisms (e.g. , in vivo) as well as the 
biosynthetic pathway leading to the synthesis of valine or isoleucine in vitro. 

As used herein, a microorganism "having a deregulated isoleucine-valine 
(ilv) pathway" includes a microorganism having at least one isoleucine-valine (i7v) 
biosynthetic enzyme deregulated (^.g., overe:}q>ressed) (both terms as defined herein) 
25 such that isoleucine and/or valine and/or the valine precursor, a-ketoisovaerate (a-KIV) 
production is enhanced (e.g:, as compared to isoleucine and/or valine and/or a-KIV 
production in said microorganism prior to deregulation of said biosynthetic enzyme or as 
compared to a wild-tjrpe microorganism). Figure 1 includes a schematic representation 
of the isoleucine-valine biosynthetic pathway. Isoleucine-valine biosynthetic enzymes 
30 are depicted in bold itaUcs and their corresponding genes indicated in italics. The term 
"isoleucine-valine biosynthetic enzyme" includes any enzyme utilized in the formation 
of a compound (e.g., intermediate or product) of the isoleucine-valine biosynthetic 
pathway. According to Figure 1 , synthesis of valine from pyruvate proceeds via the 
uitermediates, acetolactate, a,p-dil^y*^^^sovalerate (a,P-DHIV) and a-ketoisovalerate 
35 (a-KTV)- Formation of acetolactate from pyruvate is catalyzed by the isoleucine-valine 
biosynthetic enzyme acetohydroxyacid synthetase (the ilvBN geae products, or 
alternatively, the alsS gene product). Formation of a,p-DHIV from acetolactate is 
catalyzed by the isoleucine-valine biosynthetic enzyme acetohydroxyacid 
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isomeroreductase (the ilvC gene product). Synthesis of a-KIV from a,p-DHIV is 
catalyzed by tibie isoleucine-valine biosynthetic cazyme dihydroxyacid dehydratase (the 
ilvD gene product). Moreover, valine and isoleucine can be interconverted with their 
respective a-keto compounds by branched chain amino acid transaminases. Isoleucine- 
5 valine biosynthetic enzymes may also perform an alternative function as enzymes in the 
HMBPA biosynthetic pathway described herein. 

Accordingly, in one embodient, the invention features a process for the 
enhanced production of pantothenate that includes culturing a microorganism having at 
least one isoleucine-valine (ilv) biosynthetic enzyme deregulated (e.g:, deregulated such 

10 that valine and/or isoleucine and/or a-KIV production is enhanced), said enzyme being 
selected, for example, from the group consisting of IlvBN, AisS (or acetohydroxyacid 
synthetase), IlvC (or acetohydroxyacid isomeroreductase) and IlvD (or dihydroxyacid 
dehydratase). In another CTtibodunent, the invention features a process for the enhanced 
production of pantothenate that includes culturing a microorganism having at least two 

15 isoleucine-valine (ilv) biosynthetic enzymes deregulated, said enzyme being selected, for 
example, from the group consistii^ of IlvBN, AlsS (or acetohydroxyacid synthetase), 
IlvC (or acetohydroxyacid isomeroreductase) and IlvD (or dihydroxyacid dehydratase). 
In another embodiment, the invention features a process for the enhanced production of 
pantothenate that includes culturing a microorganism having at least three isoleucine- 

20 valine (z7v) biosynthetic enzymes deregulated, for example, said microorganism having 
IlvBN or AlsS (or acetohydroxyacid synthetase), IlvC (or acetohydroxyacid 
isomeroreductase) and IlvD (or dihydroxyacid dehydratase) deregulated. 

As mentioned herein, enzymes of the pantothenate biosynthetic pattiway 
and/or the isoleucine-valine (ilv) pathway have been discovered to have an altemative 

25 activity in the synthesis of |R]-3-(2-hydroxy-3-methyl-butyrylamino)-propionic acid 
CTHMBPA") or the [R]-3-(2-hydroxy-3-methyl-butyrylamino)-propionic acid 
CUMBPA") biosynthetic pathway. The term "[R]-3-(2-hydroxy-3-methyl- 
butyrylamino)-propionic acid C*HMBPA") biosynthetic pathway" includes the 
altemative biosynlhetic pathway involving biosynthetic enzymes and compounds (e.g., 

30 substrates and the like) traditionally associated with the pantothenate biosynthetic 

pathway and/or isoleucine-valine (ilv) biosynthetic pathwy utilized in the formation or 
synthesis of HMBPA. The term "HMBPA biosynthetic pathway" includes the 
biosynthetic pathway leading to the synthesis of HMBPA in microorganisms (e.g., in 
vivo) as well as the biosynthetic pathway leading to the synthesis of HMBPA in vitro. 

35 The term "HMBPA biosynflietic enzyme" includes any enzyme utilized 

in the formation of a compoimd (e.g., intermediate or product) of the HMBPA 
biosynthetic pathway. For example, synthesis of 2-hydroxyisovaleric acid (a-HIV) from 
a-ketoisovalerate (a-KIV) is catalyzed by the panEI or panE2 gene product (PanEl is 
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alternatively referred to herein as ketopantoate reductase) and/or is catalyzed by the ilvC 
gene product (alternatively referred to herein as acetohydroxyacid isomeroreductase). 
Formation of HMBPA firom p-alanine and a-HTV is catalyzed by the panC gene product 
(alternatively referred to herein as pantothenate synthetase). 
5 The term "|TR.]-3<2-hydroxy-3-methyl-butyrylamino)-propionic acid 

("HMBPA")" includes the free acid form of HMBPA, also referred to as "[R]-3-(2- 
hydroxy-3-methyl-butyrylamino)-propionate" as well as any salt thereof (e.g., derived 
by replacing the acidic hydrogen of 3-(2-hydroxy-3-methyl-butyrylamino)-propionic 
acid or 3-(2-hydroxy-3-methyl-butyrylamino)-propionate with a cation, for example, 

10 calcium, sodium, potassium, ammoniima, magnesium), also referred to as a "3-(2- 
hydroxy-3-methyl-bxrtyiylamino)-propiomc acid salf ' or "HMBPA salt". Preferred 
HMBPA salts are calcium HMBPA or sodium HMBPA. HMBPA salts of the present 
invention include salts prepared via conventional methods from the free acids described 
herein. An HMBPA salt of the present invention can likewise be converted to a free acid 

1 5 form of 3-<2-hydroxy-3-metiiyl-butyrylamino)-propionic acid or 3-(2-hydioxy-3-methyl- 
butyrylamino)-propionate by conventional methodology. 

In preferred embodiments, the invention features processes for the 
enhanced production of panto-compoimds (e,g, , pantoate and/or pantothenate) that 
involve culturing a microorganism having a deregulated methy lenetetrahy drofolate 

20 (MTF) biosynthetic pathway. The term "methylenetetrahydrofolate (MTF) biosynthetic 
pathway^' refers to the biosynthetic pathway involving MTF biosynthetic enzymes (e g:, 
polypeptides encoded by biosynthetic enzyme-encoding genes), compounds (e.g., 
substrates, intermediates or products), cofactors and the like utilized in the formation or 
synthesis of the PanB substrate, MTF. The term "methylenetetrahydrofolate (MTF) 

25 biosynthetic pathway" refers to tiie biosynthetic pathway leading to the i^yntiiesis of 
MTF in vivo (e.g., the pathway in E. coli, as depicted in Figure 2) as well as tiie 
biosynthetic pathway leading to the synthesis of MTF in vitro. The term 
"methylenetetrahydrofolate (MTF) biosynthetic enzyme" includes any enzyme utilized 
in the formation of a compound (e.g., intermediate or product) of the 

30 methylenetetrahydrofolate (MTF) biosynthetic pathway. 

* The present invention is based, at least in part, on the discovery that 

deregulation of certain MTF biosynthetic enzymes results in enhanced production of 
MTF. A MTF biosynthetic enzjone, the deregulation of which results in enhanced MTF 
production, is termed a "MTF biosynthesis-enhancing enzyme". Exemplary "MTF 

35 biosynthesis-enhancing enzymes" are the serA gene product (3-phosphoglycerate 
dehydrogenase) and the glyA gene product (serine hydroxymethyl transferase). A 
microorganism "having a deregulated methylenetetrahydrofolate (MTF) biosynthetic 
pathway**, is a microorganism having at least one MTF biosynthesis-enhancing enzyme 
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deregulated (e.g., overexpressed) such that MTF production or biosynthesis is enhanced 
(e.g.y as compared to MTF production in said microorganism prior to deregulation of 
said biosynthetic enzyme or as compared to a wild-type microorganism). 

In one embodiment, the invention features a process for the enhanced 
5 production of panto*compounds (e.g. , pantoate and/or pantothenate) that includes 
culturing a microorganism having a deregulated "methylenetetrahydrofolate (MTF) 
biosynthetic pathway", as defined herein. In another embodiment, the invention features 
a process for the enhanced production of panto-compounds (e.g., pantoate and/or 
pantothenate) that includes cxilturing a microorganism having a deregulated MTF 

10 biosynthesis-enhancing enzyme. In preferred embodiments, the. invention features 
processes for the enhanced production of panto-compoimds (e.g., pantoate and/or 
pantothenate) that includes culturing a microorganism having a deregulated glyA gene 
product (serine hydroxymethyl transferase) and/or a deregulated serA gene product (3- 
phosphoglycerate dehydrogenase). 

15 Yet another aspect of the present invention features processes for the 

enhanced production of pantothenate that include culturing microorganisms under 
culture conditions selected to favor pantothenate production, for example, by culturing 
microorganisms with excess serine (a glyA s\ihstrate) in the mediiun. The term "excess 
serine" includes serine levels increased or higher that those routinely utilized for 

20 culturing the microorganism in question. For example, culturing the Bacillus 

microorganisms described in the instant Examples is routinely done in the presence of 
about 0-2.5 g/L serine. Accordingly, excess serine levels can include levels of greater 
than 2.5 g/L serine, for example, between about 2.5 and 10 g/L serine. Excess serine 
levels can include levels of greater than 5 g/L serine, for example, between about 5 and 

25 10 g/L serine. 

Yet another aspect of the present invention features culturing the 
microorganisms described herein under conditions such that pantothenate production is 
further increased, for example, by increasing pantothenate and/or isoleucine-valine (i/v) 
biosynthetic pathway precursors and/or intermediates as defined herein (e.g., culturing 
30 microorganisms in the presence of excess p-alanine, valine and/or a-KTV) or, 

altematively, further modifying said microorganisms such that they are capable of 
producing significant levels of P-alanine in the absence of a P-alanine feed (/.e., p- 
alanine independent microorganisnsis, as described in U.S. Patent Application Serial No. 
09/09/667,569). 

35 Yet another aspect of the invention features fiirther regulating 

pantothenate kinase activity in pantothenate-producing strains such that pantothenate 
production is enhanced. Pantothenate kinase is a key enzyme catalyzing the formation 
of Coensgrme A (CoA) &om pantothenate (see e.g., U.S. Patent Application Serial No. 
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09/09/667,569), Regulation of pantothenate kinase (e.g.y decreasing the activity or level 
of pantothenate kinase) reduces the production of CoA, &voring panto^enate 
accumulation. In one embodiment, pantotheante kinase activity is decreased by deleting 
CoaA and downregulating CoaX activity (CoaA and CoaX are both capable of 
5 catalyzing the first step in CoA biosynthesis in certain inicroorganisms). In another 
embodiment, pantothenate kinase activity is decreased by deleting CoaX and 
downregulating CoaA. In yet another embodiment, pantotheante kinase activity is 
decreased by downregulating CoaA and CoaX activities. 

10 Various aspects of the invention are described in further detail in the 

following subsections. 

L Targeting Genes Encoding Various Pantothenate and/or 

Isoleucine-Valinefilv) and/or Methylenetetrakydrofolate (MTF) Biosynthetic Enzymes 
IS In one embodiment, the present invention features modifying or 

increasing the level of various biosynthetic enzymes of the pantothenate and/or 
isoleucine-valine(//v) and/or methylenetetrahydrofolate (MTF) biosynthetic patiivvays. 
In particular, the invention features modifying various enzymatic activities associated 
: with said pathways by modifying or altering the genes encoding said biosynthetic 
20 enzymes. ; 

The term "gene", as used herein, includes a nucleic acid molecule (e.g., a 
DNA molecule or segment thereof) that, in an organism, can be separated from another 
gene or other genes, by intergenic DNA (j.e., intervening or spacer DNA vsdiich naturally 
flanks the gene and/or separates genes in the chromosomal DNA of tiie organism). 

25 Alternatively, a gene may slightiy overly anotiier gene (eg:, tiie 3' end of a first gene 
overlapping the 5' end of a second gene), the overlapping genes separated from other 
genes by intergenic DNA. A gene may direct synthesis of an enzyme or other protein 
molecule {e.g.^ may comprise coding seqeunces, for example, a contiguous open reading 
frame (ORF) which encodes a protein) or may itself be functional in the organism. A 

30 gene in an organism, may be clustered in an operon, as defined herein, said operon being 
separated from other genes and/or operons by the intergenic DNA. An "isolated gene", 
as used herein, includes a gene which is essentially fi:ee of sequences which naturally 
flank the gene in the chromosomal DNA of the organism from which the gene is derived 
(le., is free of adjacent coding sequences that encode a second or distinct protein, 

35 adjacent structural sequences or the like) and optionally includes 5' and 3' regulatory 
sequences, for example promoter sequences and/or terminator sequences. In one 
embodiment, an isolated gene includes predominantiy coding sequences for a protein 
{e.g., sequences which encode Bacillus proteins). In another embodiment, an isolated 
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gene includes coding sequences for a protein (e.g., for a Bacillus protein) and adjacent 5' 
and/or 3* regulatory sequences fix)m the chromosomal DNA of the organism from which 
the gene is derived (eg., adjacent and/or 3' Bacillus regulatory sequences). 
Preferably, an isolated gene contains less than about 10 kb, S kb, 2 kb, 1 kb, O.S kb, 0J2 
5 kb, 0.1 kb, SO bp, 25 bp or 10 bp of nucleotide sequences wdiich naturally flank the gene 
in the chromosomal DNA of the organism from which the gene is derived. 

The term "operon" includes at least two adjacent genes or ORFs, 
optionally overlapping in sequence at either the 5' or 3' end of at least one gene or ORF. 
The term "operon" includes a coordinated vinit of gene expression that contains a 

10 promoter and possibly a regulatory element associated with one or more adjacent genes 
or ORFs (^.g., structural genes encoding enz5rmes, for example, biosynthetic enzymes). 
Expression of the genes (e.g., structural genes) can be coordinately regulated, for 
^cample, by regulatory proteins binding to the regulatory element or by anti-terminadon 
of transcription. The genes of an operon (e.g., structural genes) can be transcribed to 

IS give a single mRNA that encodes all of the proteins. 

A '^gene having a mutation" or ^mutant gene" as iised herein, includes a 
gene having a nucleotide sequence which includes at least one alteration (e.g., 
substitution, insertion, deletion) such that the polypeptide or protein encoded by said 
mutant exhibits an activity that differs from the polypeptide or protein encoded by the : . 

20 wild-type nucleic acid molecule or gene. In one embodiment, a gene having a mutation 
or mutant gene encodes a polypeptide or protein having an increased activity as 
compared to the polypeptide or protein encoded by the wild-type gene, for example, 
when assayed under similar conditions (e.g., assayed in microorganians cultured at the 
same temperature). As used herein, an ^*increased activity" or "increased enzymatic 

25 activity" is one that is at least S% greater than that of the polypq}tide or protein encoded 
by the wild-type nucleic acid molecule or gene, preferably at least 5-10% greater, more 
preferably at least 10-25% greater and even more preferably at least 25-50%, 50-75% or 
75-100% greater than that of the polypeptide or protein encoded by the wild-type nucleic 
acid molecule or gene. Ranges intermediate to the above-recited values, e.g., 75-85%, 

30 85-90%, 90-95%, are also intended to be encompassed by the present invention. As 
used herein, an "increased activity" or "increased enzymatic activity" can also include 
an activity that is at least 1 .25-fold greater than the activity of the polypeptide or protein 
encoded by the wild-type gene, preferably at least 1 .5-fold greater, more preferably at 
least 2-fold greater and even more preferably at least 3-fold, 4-fold, 5-fold, 10-fold, 20- 

35 fold, 50-fold, 1 00-fold greater than the activity of the polypeptide or protein encoded by 
the wild-type gene. 
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In another embodiment, a gene having a mutation or mutant gene encodes 
a polypeptide or protein having a reduced activity as compared to the polypeptide or 
protein encoded by the wild-type gene, for example, v/hen assayed under similar 
conditions {e.g., assayed in microorganisms cultured at the same temperature). A mutant 
5 gene also can encode no polypeptide or have a reduced level of production of the wild- 
type polypeptide. As used herein, a "reduced activity" or ''reduced enzymatic activity" 
is one that is at least 5% less than that of the polypeptide or protein encoded by the wild- 
type nucleic acid molecule or gene, prefembly at least 5-10% less, more preferably at 
least 10-25% less and even more preferably at least 25-50%, 50-75% or 75-100% less 

10 than that of the polypeptide or protein encoded by the wild-type nucleic acid molecule or 
gene. Ranges intermediate to the above-recited values, e.g,, 75-85%, 85-90%, 90-95%, 
are also intended to be encompassed by the present invention. As used herein, a 
''reduced activity" or "reduced enzymatic activity" can also include an activity that has 
been deleted or "knocked ouf ' (e.g. , approximately 1 00% less activity than that of the 

15 polypeptide or protein encoded by the wild-type nucleic acid molecule or gene). 

Activity can be determined according to any well accepted assay for 
measuring activity of a particular protein of interest. Activity can be measured or 
assayed directly, for example; measuring an activity of a protein in a cmde cell extract or 
isolated or purified from a cell or microorganism. Alternatively, an activity can be 

20 measured or assayed within a cell or microorganism or in an extracellular medium. For 
example, assaying for a mutant gene (/.e., said mutant encoding a reduced enzymatic 
activity) can be accomplished by expressing the mutated gene in a microorganism, for 
example, a mutant microorganism in which the enzyme is a temperature-sensitive, and 
assaying the mutant gene for the ability to complement a temperature sensitive (Ts) 

25 mutant for enzymatic activity. A mutant gene that encodes an "increased enzymatic 

activity" can be one that complements the Ts mutant jpore eflfectively than, for example, 
a corresponding wild-type gene. A mutant gene that encodes a "reduced enzymatic 
activity" is one that complements the Ts mutant less eflfectively than, for example, a 
corresponding wild-type gene. 

30 It will be appreciated by the skilled artisan that even a single substitution 

in a nucleic acid or gene sequence (eg., a base substitution that encodes an amino acid 
change in the corresponding amino acid sequence) can dramatically affect the activity of 
an encoded polypeptide or protein as compared to the corresponding wild-type 
polypeptide or protein. A mutant gene (e,g.y encoding a mutant polypeptide or protein), 

35 as defined herein, is readily distinguishable from a nucleic acid or gene encoding a 
protein homologue in that a mutant gene encodes a protein or polypeptide having an 
altered activity, optionally observable as a different or distinct phenotype in a 
imicroprganism expressing said mutant gene or producing said mutant protein or 
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polypeptide (/.e., a mutant microorganism) as compared to a corresponding 
mioroorganism expressing the wild-type gene. By contrast, a protein homologue can 
have an identical or substantially similar activity, optionally phenotypically 
indiscemable when produced in a microorganism, as compared to a corresponding 
5 microorganism expressing the wild-type gene. Accordingly it is not, for example, the 
degree of sequence identity between nucleic acid molecules, genes, protein or 
polypeptides that serves to distinguish between homologues and mutants, rather it is the 
activity of tiie encoded protein or polypeptide that distinguishes between homologues 
and mutants: homologues having, for example, low (e.g:, 30-50% sequence identity) 

10 sequence identity yet having substantially equivalent functional activities, and mutants, 
for example sharing 99% sequence identity yet having dramatically different or altered 
functional activities. 

It will also be appreciated by the skilled artisan that nucleic acid 
molecules, genes, protein or polypeptides for use in the instant invention can be derived 

IS fix>m any microorganisms having a MTF biosynthetic pathway, an ilv biosyntiietic 
pathway or a pantothenate biosynthetic pathway. Such nucleic acid molecules, genes, 
protein or polypeptides can be identified by the skilled artisan using known techniques 
such as homology screening, sequence comparison and the like, and can be modified by ^ 
s the skilled artisan in such a way that expressionor production of these nucleic acid - .r- 

20 molecules, genes, protein or polypeptides occurs in a recombinant microorganism (e.g., 
by using appropriate promoters, ribosomal binding sites, expression or integration 
vectors, modifying the sequence of the genes such that the transcription is increased 
(taking into account the preferable codon usage), etc., according to techniques described 
herein and those known in the art). 

25 In one embodiment, the genes of the present invention are derived from a 

Oram positive microorganism organism (e.g:, a microorganism v^ch retains basic dye, 
for example, crystal violet, due to the presence of a Gram-positive wall surrounding the 
microorganism). The term "derived from" (e.g., "derived from" a Gram positive 
microorganism) refers to a gene which is naturally found in the microorganism (e.g. , is 

30 naturally found in a Gram positive microorganism). In a preferred embodiment, the 
genes of the present invention are derived from a microorganism belonging to a genxis 
selected from the group consisting of Bacillus, Conryebacterium {e,g,y Cornyebacteriufn 
glutamicuni), Lactobacilltis, Lactococci and Streptomyces. In a more preferred 
embodiment, the genes of the present invention are derived from a microorganism is of 

35 the genus Bacillus. In another preferred embodiment, the genes of the present invention 
are derived from a microorganism selected fix>m the group consisting of Bacillus 
subtilis. Bacillus lentimorbus. Bacillus lentus. Bacillus ftrmus. Bacillus pantothenticus. 
Bacillus cmyloliquefaciens. Bacillus cereus. Bacillus circulans. Bacillus coagulans. 
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Bacillus licheniformis^ Bacillus megateritim. Bacillus pumilus. Bacillus thuringiensis. 
Bacillus haloduranSy and other Group 1 Bacillus species, for example, as characterized 
by 16S rKNA type. In another preferred embodiment, the gene is derived from Bacillus 
brevis or Bacillus stearothermophilus. In another preferred embodiment, the genes of 
S the present invention are derived from a microorganism selected from the group 

consisting of Bacillus licheniformis. Bacillus amyloliguefaciens^ Bacillus subttlis^ and 
Bacillus pumilus. In a particularly preferred embodiment, the gene is derived from 
Bacillus subtilis (e,g, , is Bacillus subtilis-^enved). The term "derived from Bacillus 
subtilis'^ or ''''Bacillus subtilis-denye(r^ includes a gene which is natmally found in the 
10 microorganism Bacillus subtilis. Included within the scope of the present invention are 
Bacillus-derived genes (e.^., B. subtilis-denved genes), for example. Bacillus or B. 
subtilis purR genes, serA genes, glyA genes, cooAT genes, coaA genes, pan genes and/or 
i7vgCTLes. 

In another embodiment, the genes of the present invention are derived 
1 5 from a Giam negative (excludes basic dye) mioroorganism. In a preferred embodiment, 
the genes of the present invention are derived from a microoiganism belonging to a 
genus selected from the group consisting of Salmonella (e.g.. Salmonella typhimurium), 
Escherichia, Klebsiella, Serratia, and Proteus: In a more preferred embodiment, the 
genes of the present invention are derived from a microorganism of the genus 
20 Escherichia. In an even more preferred embodiment, the genes of the present invention 
are derived from Escherichia coli. In another embodiment, the genes of the present 
invention are derived from Saccharomyces {e.g. , Saccharomyces cerevisiae). 

11. Recombinant Nucleic Acid Molecules and Vectors 
25 The present invention frirther features recombinant nucleic acid 

molecules {e.g., recombinant DNA molecules) that include genes described herein (e.^., 
isolated genes), preferably Bacillus genes, more preferably Bacillus subtilis genes, even 
more preferably Bacillus subtilis pantothenate biosynthetic genes and/or isoleucine- 
valine (z7v) biosynthetic genes and/or methylenetetrahydrofolate (MTF) biosynthetic 
30 genes. The term "recombinant nucleic acid molecule" includes a nucleic acid molecule 
{e.g. J a DNA molecule) that has been altered, modified or engineered such that it differs 
in nucleotide sequence from the native or natural nucleic acid molecule from which the 
recombinant nucleic acid molecule was derived {e.g. , by addition, deletion or 
substitution of one or more nucleotides). Preferably, a recombinant nucleic acid 
35 molecule (fi.g. , a recombinant DNA molecule) includes an isolated gene of the present 
invention operably linked to regulatory sequences. The phrase "operably linked to 
regulatory sequence(s)" means that the nucleotide sequence of the gene of interest is 
linked to the regulatory sequence(s) in a manner which allows for expression (e.g.^ 
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enhanced, increased, constitutive, basal, attenuated, decreased or repressed expression) 
of file gene, preferably expression of a gene product encoded by the gene (e.g., vdien the 
recombinant nucleic acid molecule is included in a recombinant vector, as defined 
herein, and is introduced into a microorganism). 
5 The term '^regulatory sequence" includes nucleic acid sequences which 

affect (e.g,, modulate or regulate) e^qpression of other nucleic acid sequences (Le.^ 
genes). In one embodiment, a regulatory sequence is included in a recombinant nucleic 
acid molecule in a similar or identical position and/or orientation relative to a particular 
gene of interest as is observed for the regulatory sequence and gene of interest as it 

10 appoms in nature, e,g. , in a native position and/or orientation. For example, a gene of 
interest can be included in a recombinant nucleic acid molecule operably linked to a 
regulatory sequence which accompanies or is adjacent to the gene of interest in the 
natural organism (e.g., operably linked to **native" regulatoiy sequences (e.g., to the 
**native*' promoter). Alternatively, a gene of interest can be included in a recombinant 

1 S nucleic acid molecule operably linked to a regulatory sequence which accompanies or is 
adjacent to another (e.g., a different) gene in the natural organism. Alternatively, a gene 
of interest can be included in a recombinant nucleic acid molecule operably linked to a 
regulatory sequence from another organism. For example, regulatory sequences from 
othermi<a'obes(e.g.,.otherbacterialregulatory sequences, bacterid 

20 sequences and the like) can be operably linked to a particular gene of interest. 

In one embodiment, a regulatory sequence is a non-native or non- 
naturally-occurring sequence (e.g. , a sequence which has been modified, mutated, 
substituted, derivatized, deleted including sequences which are chemically synflxesized). 
Preferred regulatory sequences include promoters, enhancers, termination signals, anti- 

25 termination signals and other expression control elements (e.g, , sequences to which 
repressors or inducers bind and/or binding sites for transcriptional and/or translational 
regulatory proteins, for example, in the transcribed mRNA). Such regulatory sequences 
are described, for example, in Sambrook, J., Fritsh, E. F., and Maniatis, T. Molecular 
Cloning: A Laboratory Manual 2nd, ed. Cold Spring Harbor Laboratory, Cold Spring 

30 Harbor Laboratory Press, Cold Spring Harbor, NY, 1989. Regulatory sequences include 
those which direct constitutive expression of a nucleotide sequence in a microorganism 
{e.g., constitutive promoters and strong constitutive promoters), those which direct 
inducible expression of a nucleotide sequrace in a microorganism (e.g., inducible 
promoters, for example, xylose inducible promoters) and those which attenuate or 

35 repress expression of a nucleotide sequence in a microorganism (e.g. , attenuation signals 
or repressor binding sequences, for example, a PurR binding site). It is also within the 
scope of the present invention to regulate expression of a gene of interest by removing or 
deleting regulatory sequences. For example, sequences involved in the negative 
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regulation of transcription can be removed such that expression of a gene of interest is 
enhanced. 

In one embodiment, a recombinant nucleic acid molecule of the present 
invention includes a nucleic acid sequence or gene that encodes at least one bacterial 
5 gene product (e,g. , a pantothenate biosynthetic enzyme, an isoleucine-valine biosynthetic 
enzyme and/or a methylenetetrahydrofolate (MTF) biosynthetic enzyme) operably 
linked to a promoter or promoter sequence. Preferred promoters of the present invention 
include Bacillus promoters and/or bacteriophage promoters (e.g.9 bacteriophage which 
infect Bacillus). In one embodiment, a promoter is a Bacillus promoter, preferably a 

10 strong Bacillus promoter (e.g. , a promoter associated with a biochemical housekeeping 
gene in Bacillus or a promoter associated with a glycolytic pathway gene in Bacillus}. 
In another embodiment, a promoter is a bacteriophage promoter. In a preferred 
embodiment, the promoter is fi:om the bacteriophage SPOl . In a particularly preferred 
embodliment, a promoter is selected fiom the group consisting of P7 j, P26 or Pveg* 

1 5 having for example, the following respective seqeunces: 

GCTATTGACGACAGCTATGGTTCACTGTCCACCAACCAAAACTGTGCTCAGT 
ACCGCCAATATTTCTCCCTTGAGGGGTACAAAGAGGTGTCCCTAG 
CGACGCTGTGTAAAAATITTAGAAAAAGGTATTGACTTTCCCT^ 
GTAATAATrTAATTACAGGCGGGGGCAACeeCGCCTGTCSEQ ID NO: 1), 

20 GCCTACCTAGCTTCCAAGAAAGATATCCTAACAGCACAAGAGCGGAAAGAT 
GTTTTGTTCTACATCCAOAACAACCTCTGCTAAAATTCCTGAAAA^ 
AAAAGTTGTTGACTTTATCTACAAGGTGTGGTATAATAATCTTAACAACA^ 
AGGACGC (SEQ ID NO:2), and 

GAGGAATCATAGAATTTTGTCAAAATAATTTTATTGA 

25 GTTGATATAATTTAAATTTTATTTGACAAAAA^^ 

AATGTAGTGAGGTGGATGCAATG(SEQIDNO:3). Additional preferred promoters 
include tef (the translational elongation factor (TBF) promoter) and pyc (the pyruvate 
carboxylase (PYC) promoter), which promote high level expression in Bacillus (e.g.. 
Bacillus subtilis). Additional preferred promoters, for example, for use in Gram positive 

30 microorganisms include, but are not limited to, amy and SP02 promoters. Additional 
preferred promoters, for example, for use in Gram negative microorganisms include, but 
are not limited to, cos^ tac, trp, teU trp-tet^ Ipp^ lac, Ipp-lac, lacJQ, TJ, T5, T3, gal, trc, 
ara, SP6, X-VK or ^-PL. 

In another embodiment, a recombinant nucleic acid molecule of the 

35 present invention includes a terminator sequence or terminator sequences (e.g. , 
transcription terminator sequences). The term •'terminator sequences*' includes 
regulatory sequences that serve to terminate transcription of mKNA. Terminator 
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sequences (or tandem traoscription tenninators) can further serve to stabilize mRNA 
by adding structure to mRNA), for example, against nucleases. 

In yet another embodiment, a recombinant nucleic acid molecule of the 
present invention includes sequences that allow for detection of the vector containing 
5 said sequences (Le., detectable and/or selectable maricers), for example, genes that 
encode antibiotic resistance sequences or that overcome auxotrophic mutations, for 
example, trpQ drag markers, fluorescent markers, and/or colorimetric markers (e.g:, 
/acZ^P-gedactosidase). In yet another embodiment, a recombinant nucleic acid molecule 
of the present invention includes an artificial ribosome binding site (RBS) or a sequence 

10 that gets transcribed into an artificial RBS. The term "artificial ribosome binding site 
(RBSy includes a site within an mRNA molecule (e.g., coded within DNA) to which a 
ribosome binds (e.g.^ to initiate translation) which differs firom a native RBS (e.g., a RBS 
found in a naturally-occurring gene) by at least one nucleotide. Preferred artificial RBSs 
include about 5-6, 7-8, 9-10, 11-12, 13-14, 15-16, 17-18, 19-20, 21-22, 23-24, 25-26, 27- 

15 28, 29-30 or more nucleotides of v^iiich about 1-2, 3-4, 5-6, 7-8, 9-10, 1 1-12, 13-15 or 
more differ fix)m the native RBS (eg., the native RBS of a gene of interest, for example, 
the native panB RBS TAAACATGAGGAGGAGAAAACATG (SEQ ID NO:4) or the 
native panD RBS ATTCGAGAAATGGAGAGAATATAATATG (SEQ ID NO:5)). - 
Preferably, nucleotides that diflFer are substituted such that they are identical to one or 

20 more nucleotides of an ideal RBS when optimally aligned for comi>arisons. Ideal RBSs 
include, but are not limited to, AGAAAGGAGGTGA (SEQ ID NO:6), 
TTAAGAAAGGAGGTGANNNNATG (SEQ ID NO:7), 
TTAGAAAGGAGGTGANNNNNATG (SEQ ID NO:8), 
AGAAAGGAGGTGANNNNNNNATG (SEQ ID NO:9), and 

25 AGAAAGGAGGTGANNNNNNATG (SEQ ID NO:10). Artificial RBSs can be used to 
replace the naturally-occurring or native RBSs associated with a particular gene. 
Artificial RBSs prefembly increase translation of a particular gene. Preferred artificial 
RBSs (e.g.^ RBSs for increasing the translation of panBy for example, of B, subtilis 
panE) include CCCTCTAGAAGGAGGAGAAAACATG (SEQ ID NO: 11) and 

30 CCCTCTAGAGGAGGAGAAAACATG (SEQ ID NO:12). Prefeired artificial RBSs 
(e.g., RBSs for increasing the translation of panDy for example, of B. subtilis panD) 
include TTAGAAAGGAGGATTTAAATATG (SEQ ID NO: 13), 
TTAGAAAGGAGGTTTAATTAATG (SEQ ID NO:14), 
TTAGAAAGGAGGTGATTTAAATG (SEQ ID NO:15), 

35 TTAGAAAGGAGGTGTTTAAAATG (SEQ ID NO:16), ATTCGAGAAAGGAGG 
TGAATATAATATG (SEQ ID NOa7), ATTCGAGAAAGGAGGTGAATAATAATG 
(SEQ ID NO:l 8), and ATTCGTAGAAAGGAGGTGAATTAATATG (SEQ ID NO:19). 
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The present invention ftirther features vectors (e,g, , recombinant vectors) 
fliat include nucleic acid molecules {e.g.^ genes or recombinant nucleic acid molecules 
comprising said genes) as described herein. The term ''recombinant vectoi'' includes a 
vector (e,g. , plasmid, phage, phascoid, virus, cosmid or other purified nucleic acid 
5 vector) that has been altered, modified or engineered such that it contains greater, fewer 
or different nucleic acid sequences than those included in tiie native or natural nucleic 
acid molecule from which the recombinant vector was derived. Preferably, the 
recombinant vector includes a biosynthetic enzyme-encoding gene or recombinant 
nucleic acid molecule including said gene, operably linked to regulatory sequences, for 

10 example, promoter sequences, terminator sequences and/or artificial ribosome binding 
sites (RBSs), as defined herein. In another embodiment, a recombinant vector of the 
present invention includes sequences that enhance replication in bacteria (e.g,, 
replicadon-enhancing sequences). In one embodiment, replication-enhancing sequences 
function in E. colL In another embodiment, replication-enhancing sequences are derived 

15 fcompBR322. 

In yet another embodiment, a recombinant vector of the present invention 
includes antibiotic resistance sequences. The term "antibiotic resistance sequences" 
. includes sequences which promote or confer resistance to antibiotics on the host . 
.1 organism (je^, ; Bacillus). In one embodiment, the antibiotic resistance sequences are ^ 

20 , selected fi-om the group consisting of cat (chloramphenicol resistance) sequences, tet 
(tetracycline resistance) sequences, erm (erythromycin resistance) sequences, neo 
(neomycin resistance) sequences, kan (kanamycin resistence) sequences and spec 
(spectinomydn resistance) sequences. Recombinant vectors of the present invention can 
further include homologous recombination sequences (e.g:, sequences desigaed to allow 

25 recombination of the gene of interest into the chromosome of the host oiganism). For 
example, bpr, vpr, or arr^E sequences can be used as homology targets for 
recombination into the host chromosome. It will further be appreciated by one of skill in 
tibie art that the design of a vector can be tailored depending on such factors as the choice 
of microorganism to be genetically engineered, the level of e7q)ression of gene product 

30 desired and the like. 

in. Recombinant Microorganisms 

The present invention further features microorganisms, Le, , recombinant 
microorganisms, that include vectors or genes (e.g:, wild-type and/or mutated genes) as 
35 described herein. As used hereixi, the term ^'tecombinant nodcroorganism'' includes a 
microorganism (e.g.^ bacteria, yeast cell, fungal cell, etc.) that has been genetically 
altered, inodified or engineered (e.g., genetically engineered) such that it exhibits an 
altered, modified or different genotype and/or phenotype ie,g. , \?siien the genetic 
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modification affects coding nucleic acid sequences of the microorganism) as compared 
to the naturally-occurring microorganism firom which it was derived. 

In one embodiment, a recombinant microorganism of the present 
invention is a Gram positive organism (e.g,, a microorganism which retains basic dye, 
S for example, crystal violet, due to the presence of a Gram-jxisitive wall surrounding the 
microorganism). In a preferred embodiment, the recombinant microorganism is a 
microorganism belonging to a genus selected from the group consisting of Bacillus, 
Cornyebacterium {e.g., Cornyebacterium glutamicum), Lactobacillus, Lactococci and 
Streptomyces. In a more preferred embodiment, the recombinant microorganism is of 

10 lih& germs Bacilliis, In another preferred embodiment, the recombinant microorganism is 
selected from the group consisting of Bacillus subtilis, Bacillus lentiniorbus. Bacillus 
lentus. Bacillus firmus. Bacillus pantothenticus. Bacillus amyloliquefaciens. Bacillus 
cereus. Bacillus circulans. Bacillus coagulans. Bacillus licheniformis. Bacillus 
megaterium. Bacillus pnmilus. Bacillus thuringiensis. Bacillus halodurans, and other 

IS Group 1 Bacillus species, for example, as characterized by 16S rKNA type. In another 
preferred embodiment, the recombinant microorganism is Bacillus brevis or Bacillus 
stearothermophilus. In another preferred embodiment, the recombinant microorganism 

- - - : i^ 

:\dmyloliquefaciens. Bacillus subtilis, 2^ 

20 In another embodiment, the recombinant microorganism is a Gram 

negative (excludes basic dye) organism. In a preferred embodiment, the recombinant 
microorganism is a microorganism belonging to a genus selected from the group 
consisting of Salmonella (e.g.. Salmonella typhimurium), Escherichia, Klebsiella^ 
Serratia, and Proteus. In a more preferred embodiment, the recombinant microorganism 

25 is of the genus Escherichia. In an even more preferred embodiment, the recombinant 
microorganism is Escherichia colL In another embodiment, the recombinant 
microorganism is Saccharomyces {eg., Saccharomyces cerevisiae). 

A preferred "recombinant" microorganism of the present invention is a 
microorganism having a deregulated pantothenate biosynthesis pathway or enzyme, a 

30 deregulated isoleucine-valine (z7v) biosynthetic pathway or enzyme and/or a modified or 
deregulated methylenetetrahydrofolate (MTF) biosynthetic pathway or enzyme. The 
term "deregulated" or "deregulation" includes the alteration or modification of at least 
one gene in a microorganism that encodes an enzyme in a biosynthetic pathway, such 
that the level or activity of the biosynthetic &azyme in the microorganism is altered or 

35 modified. Preferably, at least one gene that encodes an enzyme in a biosynthetic 

pathway is altered or modified such that the gene product is enhanced or increased. The 
phrase "deregulated pathway" includes a biosyntiietic pathway in vdiich more tiian one 
gene that encodes an en^grme in a biosyntiietic pathway is altered or modified such that 
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the level or activity of more than one biosynthetic enzyme is altered or modified. The 
ability to "deregulate" a pathway (e.g^., to simultaneously deregulate more than one gene 
in a given biosynthetic pathway) in a microorganism in some cases arises fix>m the 
particular phenomenon of microorganisms in \^ch more than one enzyme (e.^., two or 
S three biosynthetic enzymes) are encoded by genes occurring adjacent to one another on a 
contiguous piece of genetic material termed an "operon" (defined herein). Due to the 
coordinated regulation of genes included in an operon, altemtion or modification of the 
single promoter and/or regulatory element can result in alteration or modification of the 
expression of each gene product encoded by the operon. Alteration or modification of a 

10 regulatory element can include, but is not limited to removing the endogenous promoter 
and/or regulatory element(s), adding strong promoters, inducible promoters or multiple 
promoters or removing regulatory sequences such that expression of the gene products is 
•modified, modifying the chromosomal location of a gene or operon, altering nucleic acid 
sequences adjacent to a gene or operon (or within an operon) such as a ribosome 

IS binding site, increasing the copy number of a gene or operon, modifying proteins (e.g: , 
regulatory proteins, suppressors, enhancers, transcriptional activators and the like) 
involved in transcription of a gene or operon and/or translation of a gene product or gene 
products of a gene or operon, respectively, or any other conventional means of 
deregulating expression of genes routine in the art (including but not limited to use of 

20 antisense nucleic acid molecules, for example, to block ejqpression of repressor proteins). 
Deregulation can also involve altering the coding region of one or more genes to yield, 
for example, an enzyme that is feedback resistant or has a higher or lower specific 
activity. 

In another preferred embodiment, a recombinant microorganism is 
25 designed or engineered such that at least one pantothenate biosynthetic enqrme, at least 
one isoleucine-valine biosynthetic enzyme, and/or at least one MTF biosynthetic enzyme 
is overexpressed. The term "overexpressed" or "overe3q)ression" includes expression of 
a gene product (e,g, , a biosynthetic enzyme) at a level greater than that expressed prior to 
manipulation of the microorganism or in a comparable microorganism wdiich has not 
30 been manipulated. In one embodiment, the microorganism can be genetically designed 
or engineered to overexpress a level of gene product greater than that expressed in a 
comparable microorganism which has not been engineered. 

Genetic engineering can include, but is not limited to, altering or 
modifying regulatory sequences or sites associated with expressioii of a particidar gene 
35 (e.g. , by adding strong promoters, inducible promoters or midtiple promoters or by 
removing regulatory sequences such tiiat egression is constitutive), modifying the 
chromosomal location of a particular gene, altering nucleic acid sequences adjacent to a 
particular gene such as a ribosome binding site, increasing the copy number of a 
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particular gene, modifying proteins (e.g., regulatory proteins, suppressors, enhancers, 
transcriptional activators and the like) involved in transcription of a particular gene 
and/or translation of a particular gene product, or any other conventional means of 
deregulating e>q)ression of a particular gene routine in the art (including but not limited 

5 to use of antisense nucleic acid molecules, for example, to block expression of repressor 
proteins). Genetic engineering can also include deletion of a gene, for example, to block 
a pathway or to remove a repressor. 

In another embodiment, the microorganism can be physically or 
environmentally manipulated to overexpress a level of gene product greater than that 

10 e^qjressed prior to manipxilation of the microorganism or in a comparable microorganism 
which has not been manipulated. For example, a microorganism can be treated with or 
cultured in the presence of an agent known or suspected to increase transcription of a 
particular gene and/or translation of a particular gene product such that transaiption 
and/or translation are enhanced or increased. Alternatively, a microorganism can be 

1 5 cultured at a temperature selected to increase transcription of a particular gene and/or 
translation of a particular gene product such that transcription and/or translation are 
enhanced or increased. 

/K Culttirinj^ and Fermenting Recombinant Microorganisms ; . 
20 The tenn "culturing" includes maintaiiiing and/or growing a living 

microorganism of the present invention (e.g, , maintaining and/or growing a culture or 
strain). In one embodiment, a microorganism of the invention is cultured in liquid 
media. In another embodiment, a microorganism of the invention is cultured in solid 
media or semi-solid media. In a preferred embodiment, a microorganism of the 
25 invention is cultured in media (e.g. , a sterile, liquid medium) comprising nutrients 
essential or beneficial to the maintenance and/or growth of the microorganism ie.g,, 
carbon sources or carbon substrate, for example carbohydrate, hydrocarbons, oils, fets, 
fatty acids, organic acids, and alcohols; nitrogen sources, for example, peptone, yeast 
extracts, meat extracts, malt extracts, soy meal, soy flour, soy grits, urea, anmionium 
30 sulfate, ammonium chloride, ammonixmi nitrate and ammonium phosphate; phosphorus 
sources, for example, phosphoric acid, sodium and potassium salts thereof; trace 
elements, for example, magnesium, iron, manganese, calcium, copper, zinc, boron, 
molybdenum, and/or cobalt salts; as well as growth fectors such as amino acids, 
vitanuns, growth promoters and the like). 
35 Preferably, microorganisms of the preset invention are cultured under 

controlled pH. The term "controlled pH" includes any pH vMch results in production of 
the desired product (e.^., pantoate and/or pantothenate). In one embodiment 
microorganisms are cultured at a pH of about 7. In another embodiment. 
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ndcroorgamsms are cultured at a pH of between 6.0 and 8.5, The desired pH may be 
maintained by any number of methods known to those skilled in the art. 

Also preferably, microorganisms of the present invention are cultured 
under controlled aeration. The term "controlled aeration" includes sufQdent aeration 
5 (e.g, , oxygen) to result in production of the desired product (e.g. , pantoate and/or 

pantothenate). In one embodiment, aeration is controlled by regulating oxygen levels in 
the culture, for example, by regulating tiie amoxmt of oxjrgen dissolved in culture media. 
Preferably, aeration of the culture is controlled by agitating tiie culture. Agitation may 
be provided by a propeller or similar mechanical agitation equipment, by revolving or 
10 shaking the cuture vessel (e.g. , tube or flask) or by various pimiping equipment. 

Aeration may be further controlled by the passage of sterile air or oxygen through the 
medium (e.g., through the fermentation mixture). Also prefembly, microorganisms of 
the present invention are cultured without excess foaming (e.g. , via addition of 
antifoaming agents). 

15 Moreover, miax)organisms of the present invention can be cultured under 

controlled temperatures. The tenn "controlled temperature" includes any temperature 
which results in production of the desired product (e.g., pantoate and/or pantothenate). 
In one embodiment, controlled temperatures include temperatures between 15°C and 
95^C. In another embodiment, controlled temperatures include temperatures between 

20 1 5^C and 70^G. Preferred temperatures are between 20^C and 55^C, more preferably 
between 30^C and 50°C, 

Microorganisms can be cultured (e.g. , maintained and/or grown) in liquid 
media and preferably are cultured, either continuously or intermittentiy, by conventional 
culturing methods such as standing culture, test tube culture, shaking culture (e.g:, rotary 

25 shaking culture, shake flask culture, etc.), aeration spiimer culture, or femientation. In a 
preferred embodiment, the microorganisms are ciiltured in shake flasks. In a more 
preferred embodiment, the microorganisms are cultured in a fermentor (e.g., a 
fermentation process). Fermentation processes of the present invention include, but are 
not limited to, batch, fed-batch and continuous processes or methods of fermentation. 

30 The phrase "batch process" or "batch fermentation" refers to a system in which the 
composition of media, nutrients, supplemental additives and the like is set at the 
beginning of the fermentation and not subject to alteration during the fermentation, 
however, attempts may be made to control such factors as pH and oxygen concentration 
to prevent excess media acidification and/or microorganism death. The phrase *Ted- 

35 batch process" or "fed-batch" fennentation refers to a batch fomentation with the 
exception tiiat one or more substrates or supplements are added (e.g., added in 
increments or continuously) as the fermentation progresses. The phrase "continuous 
process" or "continuous fermentation" refers to a system in ^v^ch a defined fermentation 
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media is added conidnuously 

'^coadiidon^d" media is simultanqdusly removed, preferably for recovery oif the desired 
product (e.^.,pantoateand/o A variety of such processes have been 

developed and are well-Iqiowh id iiie art^ 
5 The phrase ^cidtimng imd^^ 

. produced" includesf maintaining and/or growing inicroorgianisms under conditions (e.g. , 
temperature, pressure, pH, duration, etc.) iappropriate or sufficient to obtain production 
of the desired compound or to obtain desired yields of the particular compound being 
produced: For example, culturing is continued for a time sufficient to produce the 

10 desired amount of a compound (e,g, , pantoate and/or pantothenate). Preferably, 

culturing is continued for a time sufficient to substantially reacli smtable production of 
the compoimd (e,g. ,; a time sufficient to reach a suitable concentration of pantoate and/or 
pantodxenate or suitable ratio of pantoate and/or pantothenateiHMBPA). ^ In one 
embodiinent, cultumg is continiiied 

1 5 culturing is continued for about ^4 to 36 hours, 36 to 48 hours, 48 to 72 hours^ 72 toj 96 
hours, 96 to 120 hours, 120 to 144 hours, or greater than 144 hours. In yet another . ; 
embodiment, microorganisms are cultured under conditions sucii that at least about 5 to 
10 g/L of compoimd are produce^ in about 36 hours, at least abpm 
compound are produced in abouti48 hours, or at least about 20 to 30 g/L compound in 

20 about 72 hours. In yet another embodirdent, microorganisms are cultured xmder 
. conditions such that at least aboujt 5 to 20 g/L of compound are produced in about 36 
hours, at least about 20 to 30 g/L: compound are produced' in about 48 hours, or at least 
about 30 to 50 or 60 g/L compound in about 72 hours. In yet anptiier embodiment, 
microorganisms are cultured und^r conditions such that at least about 40 to 60 g/L of : 

25 compound are produced in about;36 hours, or at least about 60 to 90 g/Licompound are: 
produced in about 48 hours. It will be appreciated by the skilled artisan that values : i 
above the upper limits of the raiiges recited may be obtainable by the processes 
described herein, for example, in a particidar fermentation nm 
engineered strain. ; : , ; 

30' •! ' . . 

Preferably, a production method of the present iilvention r 
produdtion of a level of pantothenate idiat is "'eiihanccxi as compared to an appropriate 
cpiitqor'. The term ^appropriate cpntrol",:as defined herein, includes any contix)l 
recognized by the skilled artisan as being £qpproriate for determining enhanced; 

36 increased, or elevated levels of desired product For example, where the process features 
culturing a inicroorganism having; a dere^ated pantolhbnate biosynthetic padiway and 
said microorganism fuilhje^ been 
engineered such that at least one ftlTt biosynthetic enzyme is dbrejgulated, for example. 
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overe^ressed) an appropriate control includes a ciilture of the niicroorgdnismibefore or 
absent inanipulation of the MTF enzyme or pathway (L e. , having only the pantothenate' 
bipsjmtiietic pathway deregulated): Likewise^ where the process features culturing a 
inicroorganism having a deregulated pantothenate biosynthetic pathway and a 
5 deregulated ilv biosynthetic pathway and said microorganism further has a deregulated 
MTF biosynflietic pathway (i. e, , has been engineered such that at least one MTF 
biosynthetic enzyme is deregulated, for example, overexpressed) an appropriate control 
includes a culture of the microorganism before or absent mampulation of the MTF 
enzyme or pathway (/.e., having only the pantothenate biosynthetic pathway and ilv 
10 biosynthetic pathway deregulated). Comparisonneed not be performed in each process 
practiced according to;the present invention. For example, a skilled artisan can 
determine appropriate controls empirically from performing a series of reactions (eig., 
test tube! cultinres, shake flask cultures, fenhentations), for example, under the isame or 
: similar conditions. Having appreciated a routine production level, for example, by a . 
1 S particular strain, the artisan is able to rrecognize levels that aie CTlianced, increased or . 
elevated over such levels, inother words, comparison to an impropriate control includes 
. comparison to a predetermined values (e:^. , a predetermined control). 

Thus, in an embodiment wherein an appropriately (engineered strain 
•produces 40 g/L pantothenate in 36 hours (prior to manipulation such that pantothenate 
20 production is enhanced), production of ,50, 60, 70 or more g/L pantothenate (after 
manipulation, for example, manipulation such that at least oiie MTF biosynthetic 
enzyme is overexpressed) exemplifies enhanced production. : Likewise, in an 
embodiment wherein an appropriately engineered strain produces 50 g/L pantothenate in 
48 hburs (prior to manipulation such that pantothenate production is enhanced), . 
25 ; production of 60, 70, $0, 90 or more g/L pantothenate (after manipulation, for example, 
manipulation such that at least one MTF biosynthetic .razyme is overeicpressed) . 
exemplifies enhanced production. 

The methodology of the present invention can further include a step of 
recovering a desired compoxmd (e.g. , pantbate and.or pantotl^enate). The term : 
30 "recovering'Va desired compoxmd includes extracting, harvesting, isolating or purifying 
the comjpound from ciilture medieu Recovering the compound can be performed . 
' according to any conventional isolation or purification methodology known in the lart 
] induding, but not limited to, treatrnent with a conventional resin (e.g. , anion or cation 
exchange resin, non-ionic adsorption lesin, etc.), treatment vsdth a conventional 
35 ^orbeht (e.g., activated charcoal, silicic acid, silica gel, cellulose, alumina, etc.), 

, alteration of pH, solvit extraction (e.g. , with a conventional solvent such as an alcohol, 
iefthyl acetate, hexane and the Uke), dialysis, filtmtion, concentration, crystallization, 
reciystalUzation, pH adjustment, lyophilization and the like. For example, a compound . 
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can be recovered from culture media by first removing the microorg^sins from the • 
culture. Media are then passed through or over a cation exchange resin tq remove 
; cations and then through or oyer an iEimon exchange 'resin to remove inorjganic anions 
and organic acids having stronger acidities than die compound of interest. The resulting 
5 compound can subsequently be converted to a salt (e,g. , a calcium salt) as described 
herein. 

Preferably, a desired compound of tihie present invention is "extracted 
"isolated" or "purified*' sfuch that the restilting preparation is substantially fiee of other 
media components (e.g. , free of media components and/or fermentation byproducts). 

10 The language "substantially fi:ee of other media components" includes preparations of 
the desired compoxmd in which the compoxmd is separated from media components or 
fermentation byproducts of the culture fix>m which i^t is produced. In one embodiment, 
the preparatioja has greater thaii about 80% (by dry weight) of the desired compound 
(e.g , less than about 20% of other media components or fermentatidn byproducts), more 

15 preferably greater lthan about 90% of the desired compound (e.g:^ less than about 10% of 
other media components or fermentation byproduct^), still more preferably greater than 
about 95% of the desired compound (e.g. , less than about 5% of other media compoiients 
or fermentation byproducts), and most preferably greater than about 98-99% desired 
compoimd (e.g., less than about 1-2% other media components or fermentation 

20 byproducts). When the desired compound has been derivatized to a salt, the compovind 
is preferably fiirther free of chemical contaminants associated with the formation of the 
salt When the desired compound has been derivatized to an alcohol, the compoxmd is 
prefembly further fiiee of chemical contaminants associated with the formation of the 
alcohol. 

25 In ah alternative embodiment, the desired compound is not purified from 

the nucroorganisni, for example, "wbisa the microorganism is biologically non-hazardous 
(e.g:, safe). For example, the iratire ciilture (or cultittesupemataint)i^ 
source of product (e.g. , crude product). In one embodiment, the culture (or culture 
supernatant) is used witiiout modification. In another embodiment, the culture (or 

30 culture supernatant) is concentrated: In yet another embodiment, the culture (or ciilture 
supernatmt) is dried or iyophilized. ; 

In yet another embodiment^ the desired compounid is partj 
The term '^partially ipurified inclxides media preparations thdt have had at least some 
processing, for example, t^eafrnent (e,g: , batch treatment) with a commercial resin. In 

35 preferred embodiments, the *^paatialiy jpurified- ' preparation has greater than about 30% 
(by dry wei^t) of the diesired compound, preferably greater than about 40% of the 
desired compound, more preferably greater than about 50% of the desired compound, 
still more prefembly greater than about 60% of the desired compound, aad most 
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preferably grpaler thto abo^^ "PartiaUy ptirified" preparations 

also preferably have 80% or less (by dry weight) of the desired; compound (/. e,, are less 
ipiure than "extracted", "isolsited" or "'purified^' .prq}aratioiisi as defined herein). 
; Depending on the biosynthetic enz^nie or com 
5 ienzymes inamptdated, it may be desirable or h 

'microorganisms of the present invention at least one biosynthetic precursor such that tibe 
desired compound or compoimds are produced. The term "biosynthetic precursor^ or 
"precTJTSor^' includes an agent or compound which, when provided to, brought into 
contact with, :or included in the culture medium of a microorganism^ serves to enhance 
1 0 ox increase biosynthesis of the desired product In one embodiment, the biosynthetic 

precursor or preciu^or is aspartate; In another embodiment, the biosynthetic precursor or 
precursor is P-alamne. The amountof aspa]tate:or p--alanine added is preferably an 
: amount that results in a concentration in the culture medium sufficient to enhance 
productivity of thp microorganism' (e,g. , a concentration sufiBcient to enhance production 
IS of pantoate and/or pantothenate). Biosynthetic precursors of I3at present invention can 
I be added -m the foim of a concentrated solutio - 
such as water or buffer) or in the form of a solid (e,g. , in the form of a powder). 
Moreover, bipsyrithetic precursors of the present invention can be added as a single 
aliquot, continuously or mtermittentiy over a given period of time. The term "excess P- 
20 . ;alanine" includes P-alanine levels increased or higher that those routinely utilized for 
^culturing the microorganism in question. For example, culturing the Bacillus 
. microorganisms described in the instant Examples is routinely done in the presence of 
about 0-0.01 ;g/L p-alanine. Accordingly, excess P-alanine levels can include levels of 
atout 6.01-li preferably about 1-20 g/L. 
25 ; In .yet another embqdinient, the biosynthetic precursor is valine^ in yet 

; another embodimient, the biosynthetic precursoi: is a-ketoisovalerate. Preferably^ vdine 
:Or a-ketoisovalerate is added in an amount that results in a concentration in the medium 
sufficient for production of the desired product (e.g., pantoate and/or pm^ 
I occur. The term "excess a-KIV" includes arKiy levels increased or higher that those 
30 routinely utilized for cultiirihg the microorganism in (juestion. For example, culturing 
: : the Bacillus microorganisms described in the instant Examples is routinely done in the 
presence of about 0-b.Ol g/L a-KIV. Accordingly, ekcess a-KIV levels can include 
: levels of about O.Olril/ preferably ^otit 1-20 g/L.^^ The term "excess valine" 
I includes vali|ie leVeIs increased or higher that those routinely utilized for culturing the 
35 ; mi|[^roorganism For example, cultiMng the jS^ciV/i^ mic^ 

; described in tihe instant Examples is routinely done in the presence of about 0-0.5 g/L 
Valine. Accdtdinjgly, excess valine levels can ^to^ 
preferably about 5-20 g/L yaiine^ 

"" •'!:;■• . . -29 "i \ ' ■ ' 
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: in yet another ei^^ 
Preferably, serine is added m;aii amount that results in a concentration in the medium 
suffident for production of the desired product (e. g: , pantpate and/or pantotheiiate) to 
. occur. Excess serine (as defined herein) can also be added according to the pi:oduotion 
• 5 processes desoiibed herein, for jsxample, for the enhanced production of pantothenate. 
The skiUed ailisan will appreciate that ext^ 
. result in microorganism toxicity. Biosjaithetluc precursors are also leferred to herein as 
"supplement^ biosynthelic subi5trates'\ . 

Another aspect of the present inventicyn includes biotransformation 
10 processes which feature the recombinant microorganisms described herein. The term 
"biotransformation process", also referred to herein as "bioconversion processes*', 
includes biological processes which resvilts in the production (e g. , transformatidja or ; 
coiiversion) of appropriate substrates and/or iiitennediate compounds into a desured 
. product ' 

15 i : : i Ilie microorganism(s) and/or eiizymes used in th^ 

reactions are in a fonn allowing them to perform. their intended function {e.g. , producing 
a desired a>tnpound). The microorganisms can be whole cells, or can be only those 
portions of the! cells necessary tp obtain the djesired end resiilti The microorganisms can 
v^e: suspended ^(^^ appropriate solution such as buffered solutions or media), 

20 rinsed (e.g., rinsed free of media from cultu^ 

imttiobilized (e.g., with polyaciylamide gel or k-carrageenan or on synthetic supports, 
fof example, beads, matrices arid th<e like), fixed, cross-linked or permeablized (e.g. , 
haV^ permeabJUzed membranes jmd/or walls 4uch 

substrates, inteumediaitte or products can mOre eaisily pass tturough said membrane or 
25 wall). 1 : 

TWs invention i^ ftuther ilixistia^ 
diOiild not be coriistoied as limits The contents of aU references, patents and ■ 
published pat^t appUcations cited throughout this application are incorpomted herein by 
30 reference. : ■ 
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; : Example I: P.antp<:;omp6und Productioh Strains 

M developing i?acf//us' strains !fo^ 
i S genetic manipulations aie made to genes and enzymes involved in the pantothenate 

biosynthetic pathway and the isoleucine-yaliiie (z/v) pathway (Figure 1) as described in 

U S. Patent Application Serial No. 09/400,494 and U.S. Patent Application Serial No. 

09/667,569. For example, strains having a deregiilated j^a/zfiCi) operon a^ 

deregulated panEl exhibit enhanced pantothenate production (when cultured m the 
: 1 0 presence of p-alanine and a-ketoisovalerate (cc-KIV)). Strains further deregulated for 

ilvBNC and ilvD exhibit enhanced pantothenate production in the presence of only P- 

alanine. Moreover, it is .possible to achieve p-^anine independence by fiirther 

d^gulating j^aiiZ). 

An exemplary pantothenate production strain is PA824, a tryptophan 
15 prototroph^ Si>ec and Tet resistant, deregulated for panBCD at ihe panBCD locus, 

deregulated for panEl at the panEl locus (two genes in the A subttlis genome are 
X homologous to E. colipanE^ P<^E1 and panE2^ the foriner encoding the major 

kjetopantoate reductase involved in pantothenate production, while panE2 does not 

c»nt^^^ 

20 . deregulated for ilvD at the ilvD locus, oyerejqpressing an ilvBNC cassette at the amyE 
locus, and overexpressihg panD at the bpr locus, PA824 routinely yields approximately 
40-50 pantothenate, rwhen cultured foir 48; hours in 14 L fermentor vessels according 
to standard fermentation procedures (see e.g:, provisional Patent Application Serial No. 
60^63,053 or provisional Patent AppKcation Serial No. 60/262,995, incorporated by 

25 reference herem). Briefly, batch media (4.5 L) containing trace elements is inoculated 
with shake flask cultures of PA824. The fermentations are controlled for temperature 
(e.^., 43*^C), dissolved O2, and pH, and are run as a glucose limited fed batdb jH-ocess. 
After the initial batched glucose is consumed, glucose concentrations are maintained 
; between about 0 and 1 g/L by continuous feeding of fre^ FEED media. pH is set at 7.2, 

30 mpnitored, and maintained by feeding either a NH3- or a H3P04-solution. The dissolved 
oxygen concentration IpP J is m^tained at about 10-30% by regulation of the agitation 
and aeration rate. Foanijng is cbhtroUed by addition of an appropriate antifoam agent. 
The pantothenate titer in the fennentation broth is determined (by HPLC analysis) after 
removal Of the cells by centrifiijgation, 

35 Asecx>nd:exemplarystraSnisPA668. PA668isade^^^ 

that contains extra copies of P2^pcinB ainplified at the vpr and/or panB locus. PA668 
was constructed using apa«5 e3q)ression vector (pAN636) which allows for selection of 
mtdtiple copies usiiig cMoramphenicol. Briefly, a pAN636i\ro// restriction fragment 



WO2004/0055i7 PCT/US2002/021336 

(excluding vector sequences) wais ligated and then used to! tiransfonn PA824 with 
seiec^pn on plates, containing 5 ^g/mlcMoram . . 

}xg/ml cUoramphenicol were isolated and screened for pantothenate production in 48 

: hour t^t tube cultures, i The isolates produce about 1 0 percent mbre pantothenate than 
5 PA824iJ In 1 0-L fenneiitations, a first strain, PA668-2A, produces pantothenate in 

amounts comparable to PA824 cultured under similar comdition^; (e.g., -45-50 g/L at 36 
hours). After 36 hourSj AAdien pantothenate production routinely begi^ 
PA824, PA668-2A continues to produce significant levels of pantothenate {e.g. , 60-65 
g/1 pantothenate at 48 hours). A second strain, PA668-24j produces pantothenate at an .: 

10 even faster rate, reaching 60-70 g/L after 48 hours. • 

A third production strain, PA72 1 B-39, was engineered to further include 
an amplifiable F26 panBpanD cassette as foUows. First, a single expression cassette 
was cohstnicted.that is capable of integrating both pcmB and panD at the bpr locus. : 
' ■■ . . Ck>mbihing both genes jinto one expression cassette simpliifies the resulting strain by 

15 eliminating an antibiotic resistance marker. liieP^tfjP^^^P^'^^^^^ioncasse 
constructed to include each of two different panD ribosoitd^ 

having previously been synthesized and tested in hiterniational PubUc. No. WO 01/21 772 
andU^S. Patent Appliciation No. 60/262,995). The cassette further mcluded the 
synthetic/7an5 gene ribosoine biiid^ site (RBSl), but the design pennits future 

20 alteration of the panB RBS by simple oligonucleotide cassette substitution. In the first 
step of construction, the panB gene was joined to the two pariD gene cassettes as 
iUustrated in Figure 3 for the construction of pAN665. Next, die resulting paw^j^anZ) 
cass€?ttes were transfen^ed to A subtilis expression vector pOTP61 as illustrated in Figure 
4. A summary of tiie essential features of ^ 

25 constructed is presented in Table 1. 

Table !. Plasmids containing various B. subtilis panBpanD gene expression cassettes. 



Plasmid 


pcatDUBS 


Vector. ■ 


Host strain 


pAN665 


Standard 


pASK- 
1BA3 


E. cdli 


,pAN670 




pOTP6l 


B. subtilis 


pAN66S> 


NDrC2 


pASK- 
1BA3 


E. cdli 


, :pAN674 




pOTP6i ; 


B. subtilis 



i32 
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• : Th6s:e new plasmids combine production of extra -PanB and PanD from a 
single vector and \vere pirejdicted to prodi^^ increased levels of PanB relative to iho panB 
expression Vector |(pAN63^^^ 

panBpanD vectors in panto&enate production strains took advantage of genetic linkage 
5 betweeii bpr and panEl. A derivative of PA824 was first conistructecl that is cured of the 
resident panD esqiression cassette by transforming the strain with chromosomal DNA 
isolated finom PA930 ipdnEl::cat):d^6. selecting for resistance to chloramphenicol. The 
resulting transform^ts were screened for sensitivity to tebBcycline, and two Tet-- 
sensitive isolates named PA7 1 5 wdre saved. This strain is the host strain for testing the 

10 P26 panBpanD vectors (see below). In order to restore the P26 panEl cassette in 

PA7 1 5, each vector was jfirst transformed into a strain (PA328) that contains P26 panEl 
but does not contain a cassette integrated at the bpr locus. PA328 does contain the P26 
panBCD locus although jt is not engineered for ovefproduction of a-KIV. Transformants 
of PA328 resistant to tetracycline wete obtained using the appropriate iVb// restriction 

; 15 fragments fix>m the two vectors and the resulting strains were named PA710 and PA714. 

The next step was tb transfer the icassettes into PA715 so they could be 
evaluated in' the ;PA824 strain baclqgroun This was acconiplished by isolating 
y. chromosomal DNA from strains PA7i 0 and PA7 1 4 and using each of the two DNAs c 
separately to transform P A7 1 with selection for resistance to tetracycline. 

20 Tetracycline-resistant transformants were screened for sensitivity to chloramphenicol; 
this identifies the desired transformants that have also acquired the P26 panEl) gene 
from the donor DNA by linkage with the:P2<5 panBpanD cassettes at the bpr locus. 
Cfaloramphenicol-sen^itiye isolates derived firom transformiatibns in vy^ch PA710 or 
P A.7 1 4 dirompsoi^ IDNA was used: ias the donor were obtained The isolates that 

25 produced the hi^est pantothenate titsrs in test tube culture assays were saved These 
strains were nanied PA7a7 iand PA72i, respectively. DupUcate test tube cultures of the 
new strains, as weU as PA824 and PA71 5, were grown m 

43°C for 48 hours and then assayed for pantothenate, HMBPA, and p-alaninel ln 
addition, extracts from each of the strains were nm on a SDStPAGE gel. The results of 
30 the test tube culture asisays are presetted in Tabte^ 
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Table 2. ProducOoh of panioihenate by strtuns PA717 and PA721 grown in SVY 

\ plus 10 g/l aspartate. 



Strain 


. pariBD 


[pan] 


[HMBPA] . 


[Ma] 




. cassette 


(g^) 




(g/L) 


PA824 




4:9 


(X94 


. 2.5 






4.6 


a.79 


2.3 


: } ' : 

PA715 


.NONE : 


1:7 


<0.1 


0.5 


« 


* *«' 


1.7 


<0.1 


0.4 


PA717-24 


pAN670 


4:8 


0.34 


13 








0 AO 




PA721-35 


pAN674 


5.7 


0.50 


1-4 








0.40 


1:.3 


PA721-39 


pAN674 


4.1 


0.38 


io 






4:6 


0.40 


2.2 



As expected, each of Ihe new Strains produced more pantothenate ai^ 
: : alanine than PA715. Two of the strains (PA717-24 and PA72 1-39) produced about as 
; much Jpantothenate as PA824 While PA72 1 -35 produced more pantothenate than PA824. 
All three of the new strains produced less HMBPA than PA824. The protein gel • 
Id analysis showed that the three new strains produce more PanB than any of the control 
. \ : Strains, .' ] 

Strains PA717724,PA72l-35, and PA72 
; shake flask cultures in a ^y flpur based medium. As shown in Table 3, these strams 
^th the ampiifiable P2tfP^'45p^«^^^sett6 produced pantothenate and HMBPA at 
15 levels similar to the levels seeh with PA668-2: and PA668-24 which both cont^ 
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Tables. Shake FJasiEbsperiment 48IIours 



■: Medium 


; Strain 


HMBPA 
(g^) 


PAN 

: (g/1) 




PA668-2 


1.2 


6.8 


Soy floiir 
; + Glucose 


PA668-24 
PA717-24 


2,0 


5.2 ■ 

■ 5.9 




: PA721r35 


2.6 


7.0 : ; 




PA721-39 


2^ 


8,6 




PA668-2 


0.0 


9,0 


Soy flour 


PA668-24 


0.4 


10.4 


+. Maltose 


PA717r24 


0:7 


8.6 




PA721-35 


1.0 


• r 




PA721-39 


■ 0,4 


9;1 



- Conditions: 40ml medium / 200tnl baffled shake flask, 4X Bioshield covers, 300 cpm, 2.5% 
5 inoculum (1.0 ml). 

Soy Medium: 20 g/1 Cargill 200/20 soy flour, 8 g/l (NH4)2S04, 5g/\ glutamatb, Ix P^TE, 0. 1 M 

phosphate pH 7:2 and 0.3M MOPS pH 7.2. 60 g/1 glucose or maltbse v// 10 mM Mg and 1 .4 
mMCa. ■ • . ; L . ; 

. Average of duplicate flasks. 

M addition to producing pantotheimte (as we^^ 
depicted in Figiye 1 and described herein), it has been demonstrated that certain strains 
. engineered: for praducing coxnnLercial quantities of desired panto-conipound9lso 

produce a by-pn!kluct idenitified as 3-(2-hydroxy-3-mefliyIrbutyrylamiiio)-propioiuc acid 
1 5 ; (HMBPA) (also referred to hjerein as "P-alanine 2-(/J>hydroxyisolvalerate", f P-alanine 
2-hydr6xyiMlvaierate'', "p-aiainylra-h^ (The : 

; tenn "^j^tolhen^ 

HMBPA is the condensation prodt^ 
i HIV) and p-alanine, catalyzed by the PanC enzjrme. a-Hiy is generated by reduction of 
20 oi-KIV; a reaction that is catalyzed by the a-keto reductases PanE (e.g. i PanEl and/or 
PanE2) and/or IlvC. Thus it has been proposed that there exist at least 'two pathways in 
microorganisms that compete for a-KTV, the substrate for the biosynthetic enz]^ 
PanB, naniely the pantothenate biosynthetic pathAvay and the HMBPA biosynthetic 
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■ ' . pathway. (A third aiid fourth pathway competing for a-KIV are those restilting in the 
production of valine or leucine fix>m a-KIV, see e.g.. Figure 1). At least the . 
pantodienate biosynthetic pathway and the . 
produce competitive substrates for fhe enzyme PanC, n^ 
5 Production of HMBPA canhave significant effects on' pantothenate prodi^ction. For 
example, the HMBPA pathway can compete with the pantoA^ 
precursors (a-KTV and p-alanine) and for some of the enzymes (PanC, PanD, PanEl, 
and/or IlvC). In addition, because the structure of HMBPA is similar to that of 
pantothenate, it may have the undesirable property of negatively regulating one or more 
;10 steps in the pantothenate pathway. Based on the identification of HMBPA, U.S. 
, Provisional Patent Application Set, No. 60/262,995 teaches that production of 
; pantothenate can be improved or optimized by any means which favor use of substrates 
(a-KIV and pnalanine) and/dr eiizym^ 
; pantothenate bib^mthetic processes as coxnpared to H^ 
J ^15 ■ ' : ■ . ' ^/ 

Example II: Increasing Pantothenate I^roduetion by Increasing Serine 
Availability . 

At least one method for optimizing pantothenate production involves 
regulating the availability of serine in the microorganism cultures. In particular, it can 
20 be demonstra^ted that increasing the availability of serine leads to : increased pantothenate 
production (e.^.j relative to HMBPA production), whereas decreasiiig the availability of 
serine leads to djecreased pantothenate production relative to HMBPA production. This 
method is based on the uxiderstanding that the compoimd, melhylenetetrahydrofolate 
(MTF), which is derived fix>m serine, donates a hydroxymethyl group to a-BtlV during 
I 25 the pantothenate biosynthetic reaction to yield ketopantoate (see e.g.. Figures 1 and 2). 
Thus, regulating serine levels is one means of effectively regulating ketopantoate levels 
' and, in turn, regulating pahtpate :and/or pantothenate production in appropriately 
]]': engineered microorganisms. ; To demonstrate this regulatioii, PA824 was grown in test 
tube cultures of SVY; glucose plus 5 g/L P-alanine and ± 5 g/L serine for 48 hours and 
::^;30 : 43^C. ' ^' 
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Production of pantoiheiiate (arid J^MBPA by PA824 with and without 
the ciddition of serine 



serine added 
atSg/L 




{ban]g/L 


piMBPA]g/TL. 




.16.3 


4.9 


0.84 i 




uro 


4.5 


0.80 


.+ 


13.1 


6.4 


0.56 


. ■ ' + ■ 


12.9 


6.0 


0.62 



As demonstrated by the data presented in Table 4, addition of serine 
increases the level of production of pantothenate (while conversely decreasing HMBPA 
production). 



10 Example HI. Engineering bacterial cells with increased amounts of serine 
hydroxylmethyl transferase, the ^();^ gene product. 
As an alternative to feeding serine, another method of increasing serine 
levels and/br serine utilization levels (and accordingly, methylenetetrahydrofolate levels) 
in order to regulate pantothenate production levels is to increase synthesis or the activity 
15 of 3 -phosphoglycerate dehydrogenase or of serine hydroxymethyl transferase (the serA 
and glyA gene products, respectively), thereby increasing serine and 
methylenetetrahydrofolate biosynthesis in appropriately engineered microorganisms. 

Expression of the glyA gene was increased by transforming B, sub tilts 
cells with an expression cassette containing the B. subtilis glyA gene cloned downstreaiti 
20 of a strong, ^constitutive promoter. To construct the expression cassette the primers 

RY417 and|RY418 depicted m Table 5 were used to amplify the g^^;^ gene by PGR from 
chromosonialiDNA isolated froni R ^6/z/jf PY79. 



Table 5: : Primer^ med in the ampUficadon of B. subtilis glyA and s^A 



RY405 
RY466 
RY417 
RY418 



CCCTCTAGAGGAGGAGAAAACATCTTTCGAGTATTGGTC 
TCAGACAAAATG 

CCCGGATCpVATTATGGCAGATCAATGA^^ 

GGATCTAGAGGAGGTOTAAACATGAAACATTTACCTC^ 
CAAGACGAA 

CGGGGATGCCCCa^TCAACaVATTACACAf^ 
CTACi - = 



SEQIPNO:20 
SEQ;IDN0:21 
SEQIDNO:22 
SEQIDNO:i3 
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RY417 contains the RBSjZ synthetic ribosome binding site jiist 
dovviistream from an uYZ^o/ site. TheamplifiedPNA was then cut with J3>a/ and jBam^ 
and cloned between .the ^td and BamHI sites in vector pAN004 (Figure 5) to yield 
. ^ plasmid pAN396 (Figure; 6; SEQ ID NO:24). The pAN064 vector contains the phage 
5 SPO l P26 promoter immediately upstream of the Xbdl cloning site to drive e:!qpFession of 
the cloned gene^ Jiist downstream of die e>q)ression cassette, pAN396 contain 
cat gene that functions in B. subtilis. To transform B. stibtiliSy the NotlDNA fragment 
containing the P26 gfy4 cassette and cfltf gene was isolated from pAN396, self^Iigated, 
and transformed into competent cells of B. subtilis PY79. Several chloramphenicol 

10 resistant transforiiiants were selected and named PAl 007 m Chromosomal 
DNA was isolated from each of these strains and used to transform competent cells of 
PA721B-.39 and PA824 to yield strains PAlOl 1 and PA1014, respectively. SDS 
polyacrylainide gel electrophoresis of i^U extracts of selected isolates of PAlOl 1 and 
PAlOl 4 confirmed ^t these strains contained increased amounts of the glyA gene 

IS product as compared to their parent strains PA721Br39 (described in Example 

PA824 (described in International Public. No. WO 01/21772). To test the effect of 
increasing glyA expression on pantothenate production^ PAl 01 1 and PA1014 were 
grown in test tube cultures of SVY glucose plus 5 g/L p-alanine at 43®G for 48 hours. 
As shown by the data presented in Table 6,:PA1014 produced more pantothenate (4.5 
.20 g/L) than its parent strain PA824 (3 .2 g/L). Similarly, PAl Oil produced on average 
more pantothenate (4.35 g/L) than its parent strain PA721B-39 (4.05 g/L). ; 

table 6. Prdduction of pantothenate andHMBPA by PAlOll andPAlOU compared 



toPA721B-39andPAi 


924. 


: Stniin 


: OD«oo 


Pantothenate 
g/L 


HMBPA 

$/L 


PA1014 #1 


14. : 


4.5 


0.27 


?A1014:#2 


15 


4.5 


0.31 


mS24 ; 


16 


3.1 


0.31 


PA824 ; 


15 


3.3 


0^8 










PAlOl 1 #1 


17 


4.5 


0.24^ 


PA101i;#2 


12 


4.2 


0.27 


PA721B-39 j 


18 


4.0 


0.22 


,PA721B-39 


16 


4.1 


0.25 
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Example IV. Ehgineeiingbacteriai ceUs with increased 

. : S^pfiosphoglycerate dehydrogenase, the seM gene product. 

Tie product of lflie ijfer^ gene, 3-phosphoglycerate dehydrogen^^ 
first <x)mnutted enzyme in the ^ Since 
5 . serine is one of thq substrates for tiie synthesis of MTF, we engineeiied the 

overe^ression of the serA gene to increase serine levels in the cell. . In a manner similar 
to that desoibed iabove.for tiie:^/>^ gene in Example HI, expression of the serA gene 
was increased by transfprming A subtilis cells with an eixpression cassette containiiig the 
B, subtilis serA gene cloned downstream of a strong, constitutive promoter. To construct 
10 the expression cassette the primers RY405 and RY406 depicted in Table 5 were used to 
amplify the serA gent by PGR from chromosomal DNA isolated from B. subtilis PY79. 
The amplified DNA was then cut with XbaJ and BamHI and cloned between the JCbal 
and BamHl sites ;in vector pAN004 (Figure 5) to yield piasmid pAN393 (Figure 7; SEQ 
ID NO:25): to transform B, subtilis, the JVbtf DNA fi:agment containing flie P26 serA 
15 cassette and cat gene was isolated fix>m pAN393, self-ligated, and transformed into 
. .competent cells of A subtilis PY79. Several chloramphenicol resistant transformants 
were selected and named PA1004 and PAl 005. Chroniosomal DNA was isolated fix>m 
each of tihiese strains and used to transform competent cells of PA721B-39 and PA824 to 
yield strains PAliOlO and PA1013, respectively; SDS polyacrylamide gel 
i20 electrophoresis of cell extracts of selected isolates of PAlOlO and PA1013 confirmed 
that these strains icontained increased amounts of the serA gene product as compared to 
; their parent strains PA721B-39 and PA824. 



:25 



30 



To test the effect of increasing serA egression on pantothenate 
production, PAlOlO and PAl 013 we^ grown in test tube cultures of SVY glucose plus 
5 g/L p-alanine at 43**C for 48 hours. = As shown by the data presented in Table 7, 
PAl 010 produced on average rnoire pantothenate (4.7 g/L) fiian its parent strain 
PA721B-39 (4.1 yiS). Similarly, PA1013 produced on average nuwfe pantothenate (4.1 
g/L) than its parent strain PA824 (3.1 
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table 7. Production of pdniqihenate and HMBPA by PAlOlO and PA1013 conlpared 
toPA721B^39andPAS24. 



Strain. 


OD«o 


Pantofhenate 

g/L 


HMBPA 

g/L .. 


PAlOlO #3 


16 


4.8 


0.23 


PAlOlO #5 


15 


4.5 


0.26 


PAlOlO #6 


22 


4.7 


0.24 


PA721B-39 


18 


4.0 


0.22 


PA721B-39 


16 


4.1 


0.25 










PA1013 wl 


14. 


3.3. - 


0.25 


PA1013 #4 


: 14 


4.2 


0.28 


PA1013 #5 


16 


5.5 


0.37 


PA1013 #8 


13 


3.6 


0.24 


PA824 


17 


3.0 


0.27 


PA824 


16 


3.1 


0.29 



Example y. Shake flask and fermentor experiments with stram^ 
S expression of and ^(M- 

Based on performance in test tubes, two strains with an amplLfiable serA 
cassette and two strains with an amplifiable glyA cassette were selected, one each from 
two parents, PA824 and PA72 lB-39. The four strains were grown beside the parents in 
shake flasks (Table 8). In Soy jflour MOPS Glucose (SMG) medium, all of the 4 strains 
10 produced more pantothenate than their parent strains. In Soy flour MOPS Maltose 

. (s^^^^4)m 

The serA overexpressing strain and the glyA overexpressing strain from 
each parent were run simultaneously in 10-liter Chemap bench fermentors. The glyA 
oyeiexpressidg strain derived from PAg24, PA1014-3, that had given tiie highest 

15 paitfothenatie titer in SMM, jialsb performed the best in fermentois (Table 9). Stram 

PA1014-3 produced 71 g/1 pantothenate in 36 hours in the culture supernatant and 86 g/1 
: pantothenate in 48 hours in the cxiltLire supernatant compared to the parent PA824 which 
produced 41 g/1 and 46 g/1 pantothenate, respectively. The serA strain, PAi012-4, also 
produced significantly more pantothenate than the PA824 control in th^ 

20 supernatant, 52 g/1 and 60 g/1 at 36 and 48 hours, respectively. These results clearly 
demonstrate the effectiveness of increasing both glyA and serA. . 
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The serA overexpressing and glyA overexpressing derivatives of PA72 lB-39 
wert clearly improved over their parent strain as well. Both produced about 80 g/1 
pantothenate (82 g/1 arid 79 g/1, respectively) in the culture suf»emiatants in 48 hours. 
The effect of the increased PanB levels in the PA721B-39 derivatives versus the PA824 
5 derivatives manifests itself in the reduction of HMBPA. PA721B-39 and its derivatives 
produce less iHMBPA after 48 hours than PA824 or even PA668-24. Increasing GlyA 
also spears to lower the flow of icaAon to HMBPA. 

Table 8. Shake flask evaluation of pantothenate production strains overejqfressing 
10 serA or glyA. 



Carbon . 


Strain 


Added 


HMBPA 


Pantothenate 


source 




cassette 


(g^) 


(g«) 




PA824 




3.5 


4.0 




PA1012-4 


-serA 


3.0 


4.6 




PA1014-3 


glyA 


2.5 


4.7 


. Glucose 












PA721B-39 




0.9 


5.0 




PAlOiiO-6 


serA 


1.9 


9.6 




PA1011t2 


glyA 


1.7 


10.0 




PA824 




1.2 


10.4 




PA1012-4 


serA 


0.8 


9.8 




PA1014-3 


glyA 


1.1 


16.1 


. N^tose 












PA721B-39 




0.6 


11.6 




PAlOlO-6 


serA 


0.5 


10.2 




PAlOll-2 


glyA 


0 


10.3 



All data are the average of duplicate shake flasks after 48 hours. 

Conditions: 40ml medium / 200ml baffled shake flask, 4X Bioshield covers, 300 ipm, 2.5% 
inoculum and 43 *C. 



Medium: 20 g/1 Cargill 200/20 soy flour, 1 x PSTE, 8 g/I (NH4)2S04 and 5g/l glutamate. 
Buffer: 0. IM phosphate pH 12. and 0.3M MOPS pH 12.. 

Carbon Source (Sterilized separately :as 20 x stock ): 60 g/1 glucose or maltose w/ 10 mM 
Mg and 1.4 mM Ca. 



15 
20 
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Table 9. 10 liter fermentor evdluaiions of pqniotltemxtie production strains 
overexpressing serA or glyA, 



HMBPA Pantothenate 

(g/i) m 



run 


Strain 


Parent 


Added 


36 


48 


36 


48 








cassette 


hrs 


hrs 


hrs 


hrs 


P285 


PA824 






18 


25 


41 


46 


P284 


PAI612-4 


PA824 


serA 


20 


21 


52 


60 


P286 


PA1014-3 


PA824 


gfyA 


14 


16 


71 


86 


P259 


PA721B-39 






4 


5 


34 


42 


P287 


PAlOlO-6 


PA721B-39 


serA 


4 


5 


> 65 


82 


P289 


PAlOll-2 


PA721B-39 


gfyA 


2 


3 


56 


79 


P275 


PA668-24 


PA824 




3 


9 


55 


72 



The medium used is PFM-222. It is the same as medium PFM-l 55 described in U.S. Ser. No^ 
: .60/262,995 (filed January 19, 2001) except for the following changes: (1) In the Batch Material: There 
is no Aniberex 1003. Cargill 200/20 (soy flour) 40 g/L has been changed to Cargill 20-80 (soy grits) 50 
g/L, MgS04-7H20 is replaced with MgClyTHjO, 1 g/L, and SM-IOOOX is replaced wife PSTE-IOOOX 
10 (PSTE-IOOOX = MnCV4H20, 2.0 g/L; ZnS04-7H20, 1 .5 g/L; C0CV6H20, 2.0 g/L; CuS04-5H20, 0:25 
g/L; Na2Mo04-2H20, 0.75 g/L), In the Feed Material: SM-IOOOX is replaced with PSTE-IOOOX 

Increasing pantothenate productiori can also be achieved by combining 
overexpression of serA and glyA in a single strain, and/or by introducing a mutation that 
1 5 leads to feedback resistant serA or glyAy or both. 

Example VI. Increasing the expression of the glyA gene by mutating the parR 
gene. . 

As desc^bed in Examples in and y, e^qpies^^ 

20 increased by adding one or more copies of a cassette in which the glyA gene is driven by 
a strong, constitutive promoter. An alternative method to increase glyA expression is to 
alter its regulation. Literature describing a g/>vl.\7acZ fusion suggests that the glyA 
promoter is of moderate strength under normal conditions (about 400 Miller Units), but 
that this promoter is capable of being induced to relatively high levels (1,800 Miller 

25 units) if its negative regulator, the purR genc, is deleted (Saxild et al (2001) J. 

Bacterial. 183:6175-6183). Therefore, experimeints were preformed to determine if glyA 
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e:q)ression, and consequently pantothenate production, could be increased by deleting 
piff'R from a pantothenate production strain. 

The B, subtilis purR gene was amplified firom PY79 chromosomal DNA 
by PGR, and the resulting j&agment was cloned into PvuU cleaved pGEM5-Zf(+) vector 
5 DNA to give plasmid pAN835F (SEQ ID NO:26, Figure 8). This step eliminated the 
Pvun sites at both ends of the insert, leaving a unique PvuII site in the middle of the . 
ptff'R open reading firame. Next, a blunt PGR DNA fiagment containing the Gram 
positive kanamycin resistance gene fiom pAN363F (SEQ ID NO:27) was ligated into 
this unique PvuH site of pAN835F to give pAN838F (SEQ ID NO:28, Figure 9). 

10 pAN838F was then transformed into PY79,PA668-24, and PA824, 

selecting for kanamycin resistance at 1 0 mg/1 to give new sets of strains named PAl 059, 
PA1060, and PAl 061, respectively. It was shown by PGR that all new isolates 
contained the dismpted purR::kan allele that was expected from a double crossover 
event Several isolates of PA1060 and PA1061 were tested for pantoth^iate production 

IS in test tube cultures grown in SVY glucose plus p-alanine (Table 9). The best isolates 
derived fix>m PA668-24, PAl 060-2 and PA1060-4, gave an improvement fibm 3.0 gA 
pantothenate to 5.3 to 5.1 g/1, respectively, which is an increase of 75%. Likewise, the 
. biest isolates derived firom PA824, PAl 061-1 iand PA1061-2 gave ian increase fit>m about 
3 A g/I to 5.4 g/1, also a 75% gain. These results suggest that tHe;gr/M g^ne is 

20 substantially induced in these new strains by dismption of the purR gene. Alternatively, 
the improvements in pantothenate production in PAl 060 and PAl 061 may be due to 
more complex pleiotropic effects. In either case, deregulation of the purR regulon has a 
positive effect on pantothenate production. 

In other embodiments, the purR dismption can be installed in other 

25 pantothenate production strains, for example those that have an integrated P2(SserA allele 
or more than one copy of the P2dP^'^^^<^P^o^ The /tutjR gene can also be used as a 
site for addition of desired e?q>ression cassettes, such as P2(SpcptB. One can also use 
. resistance to the guanine analogs, such as 8-azaguanine, as a selection for a purR 
mutation. 

30 



43 



wo 2004/005527 



PCTAJS2002/021336 



I 



£1 



8 



11 



1 
J 



o p 



10 CO to T-J 

'rf ui ^ tri 



p 

CO CO 



ui *fi Kt 



13 ^ 

,0 43 



^ ^ » 
T-r r-H 

o »^ o 



*0 <N 
O O 



o> O 

CO *^ 
000 



<S <N VO 

r-l v-H «-H 



T-H CO « 



I 



8 



«o 



00 

vo 5 
vo 



t 



00 

2 



O 
CO 



00 . 
vo 

i 



^ cs <^ 

0000 
vo vo vo vo 
.0000 

"'^ ^ ^ ^ 
.p^ ^ Ph P-i 



00 



T ^ t 

^ 

vo vo vo 
000 

t-H 1—1 t— I 

Ai a<- 



S 
•§ 
t 

I 

■.a 
s 

:1 

gl. 
If 



wo 2004/005527 



PCT/US2002/021336 



Example VII. Oyerexpression of the serA gene from a noh-amplifiable cassette. 

This Example describes another method to increase serine production, in . 
5 which a two step procedure deposits a strong, constitutive promoter (Pitf) in fix>nt of the 
chromosomal serA gene. Two piasmids were constructed, each containing about 700 
base pairs of DNA sequence from the region immediately upstream of the native serA 
gene. The first plasmid, pAN82 1 , also contains the 3 ' half of the serA coding region, 
and in between the two aforementioned sequences, a kanamycm resistance gene (SEQ 

10 ID NO:30, Figure 10). When transformed into B. subtilis, selecting for kanamycin 

resistance, pAN821 will give a disruption of the serA gene, leading to serine auxotrophy. 
This creates a genetic sequence termed the AserA::kan allele. 

The second plasmid, designed to introduce the P26 serA structure, was 
cdnstmcted by inserting the serA upstream sequence at the 5' end of the P 26 pxomot&c in 

15 pAN395. The resulting plasmid, pAN824, is shown m Figure 1 1 (SEQ ID NO:3 1). The 
plasmid pAN395 is similar to pAN393 described in Exaimple TV. The open reading 
frame of the serA gene was synthesized by PGR using B. subtilis PY79 DNA as the 
. template. The upstream primer contains an Xbal site and a moderately strong synthetic 
ribpsome binding site, RBS2. The downstream primer contains a^awHI site. This^er^^ 

20 open reading frame was used to replace the panBCD genes in the medium copy plasmid, 
pAN006, to giye pAN395 (SEQ ID NO:29, Figure 12). This plasmid contains the serA 
gene e3q)ressed from the P26 promoter and the RBS2 ribosome binding site. 

The AserA::kan allele from pAN821 was introduced into strain PA824 to 
give PA1026. As expected, PAl 026 did not grow on minimal mediimi. In the second 

25 step, the P26 serA cassette from plasmid pAN824 was introduced into PA1026, selectLog 
for serine prototrophy, to give strain PAl 028. Several PAl 028 isolates were confirmed 
to have the expected chromosomal structure (P26 serA) by diagnostic PGR. These 
isolates were then tested for pantothenate production in test tube cultures grown for 48 
hours in SVY plus 5 g/1 p-alanine (Table 11). The PA1028 isolates (derived from 

30 PA824) gave increases from 10% to 25% in pantothenate production. As shown in 

Table 12, in shake flask experiments, PA824 produced about 7 g/1 pantothenate, whereas 
PA1028 produced 
11 gA. 
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Example Vni. Construction of pantothenate producing strains that contain both 
an integrated non-amplifiable serA cassette and an amplifiable 
glyA cassette. 

5 Since a non-amplifiable P26 serA cassette integrated at serA led to higher 

pantothenate synthesis (see, e.g, , Table 12), and since a chloramphenicol amplifiable 
P26 gfy^ cassette at glyA led to much higher pantothenate synfhiesis (see, e:g,y PA1014- 
3, Table 8), it was proposed that a combination of the two might be synergistic. Strain 
PAl 028-4, which is the derivative of PA824 that contains the non-amplifiable P26 serA 

10 cassette integrated zX.serA, was transformed to chloramphenicol resistance at 5 mg/1 

using chromosomal DNA from PA1014-3, to give a set of strains named PA1038, which 
now contain the chloramphenicol amplifiable P26 gfyA cassette. PA1038 isolates were 
tested for pantothenate production using standard test tube cultures grown in SVY plus 
P-alanine (Table 13). As e)q)ected, PAl 038 showed a dramatic increase in pantothenate 

15 production fix>m djout 4.2 g/1 by PA824 to 6:6 to 7.5 g/1 by the PA1038 set Isolates 
PA1038-3 and PAl 038-12 were finther tested in shake flasks as shown in fable 12. 
Both produced an average of 1 3 .6 g/1 pantothenate, as compared to the 7.4 g/1 

V pantothenate produced by PA824. 

20 Table IL Production of pantothenate and fantothenate by derivatives of 

PA824 that contain a single copy pfV^e serA at the serA locus, 
. in 48 hour test tube cultures grown in SVY plus 5 g/l fi^lanine. 



Strain 


paroDt 




[fen] g/1 


[pan] g/1 


PA824 




17 


0.44 


4.0 


PA824 




15 


0.45 


4.0 


PA1028-1 


PA824 


13 


0.46 


4.4 


PA1028-2 


Cfi 


18 


0.49 


4.9 


PA1028-3 


cc 


15 


0.44 


4.4 


PA1028-4 


u 


13 


0.43 


4.5 


PAlb28-5 


«< 


14 


0.45 


4.4 


PA1028-6 


cc 


11 


0.43 


4.8 


PA1028-8 


cc 


. 15 


0:51 


5.0 



: b.d. ^ bjelow detection 
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Table 13. Paniothenaie production by PA1038, a derivative 6fPA824 that 
contains a non-amplijiable Pj^ ser A cassette at serA and an 
■ antplifiableFjegfyA. cassette at glyAu 



strain 


Inoculum 
Medium 




[Fan]g/L 


[Pan] g/L 


PA824: 


tet 15 


16 


0.56 


4.4 


PA824 




14 


0.59 


4.3 


PA824 


tet 30 


12 


0.57 


4.3 


PA824 


cc 


14 


0.58 


4.2 


PA1038-3 


cam 5, tet 15 


16 


0.47 


7.2 


PA1038-4 


• «« 


14 


0.49 


7.0 


PA1038-5 


cc 


15 


0.52 


7.0 


PA1038-6 


cc 


15 


0.51 


7.2 


PAi038-9 


cc 


14 


0.56 


7.2 


PA1038-11 


cc 


13 


0.49 


6.6 


PA1038-12 


cc 


16 


0.58 


7.5 



Test tube cultures were grown with SVY glucose plus 5 g/1 p-alanine at 43^C for 48 
hours. 
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Example DL Increasing the production of MTF by altering the glycine cleavage 
pathway. 

As demoiistrated with the above examples, incieasmg'MTF p 
1 5 bacteriai increases the producttoix of pantothenate in strains that have been engineered to 
produce more pantothenate by manipulation of the panBCD and/or panE genes. It has 
been demonstrated that pantothenate production can be increased by increasing the 
expressio)ii of the glyA or the ser A gene. Stronger promoters or ribosome binding sites can 
be used to increase glyA or ser A expression as demonstrated iii Examples III through V 
20 and Vn through Vin. Alternatively, the expression of the glyA gene can be deregulated in 
Bacillus by disrupting the repressor gene as illustrated in Example VI. 

Another method to increase MTF production is to enhance the e>q)ression 
of enzymes of the glycine cleavage pathway. For example, en2ymes encoded by the 
gcvT, gcyPA. gcvPB^ gcvH , and pdhD genes catalyze the breakdown of glycine to MTF, 
25 CQj, and INH3. A strong, constitutive ^promoter, such as the .SPOl phage P^d promoter 
described previously, can be cloned in front of iStxe gcvT^gcvPA-gcvPB operon or in front 
of the gcvHox pdhD gene to enhance their cjqpression. In addition to the above 

48 ^ 
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inentioiibd approaches, additional glycine, which is inexpensive, can be added to the 
medium to. further enhance MTF production by any strain engineered as described 
hereixL 

Eqiiivalents Those skilled.in the art will recognize, or be able to ascertain using no 
more thein routine experimentation, msiny equivalents to the specific embodiments of the 
invention described herein. Such equivalents are intended to be encompassed by the 
. following claims. 



